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~oxicological studies on vermiculite have been l i m i t e d ,  


When t h e  term vermiculite is used in this paper, it will 







CHAPTER V I  


INDUSTRIAL HYGIENE INFORMATION Ah'D EXPLJLFjATION OF EXPOSURE - - 
INDICES -- 


The company began environmental szmplin~ a t  their facil- 


ity in 3972 .  Various types of sampling equipment w e r e  used 


to sample airborne fibers: (1) Bendix C-13D personal sample 


83600-10 at 1.8 to 2 . 0  LPN from 1972 to 3978;  ( 2 3  Bendix 


t 3 9 0 0 - 1 0  at 1.6 to 2 . 0  LPM from 1975 to 1978; ( 3 )  MSA 


Monitaire Model TD at 2 . 8  to 2-0 LPM from 1 9 7 8  to present, 


Before 1976, sampling was accomplished by "following the 


operatorar with a sampling d e v i c e .  Personal sampling, that 


is the associate actually wearing the sampler, was f i r s t  


i n i t i a t e d  in 1976. The latter personzl a i r  sampling method 


was noted by the company to show higher exposure levels. 


The company's current method for calculating TWA's is rea- 


sonably accurate b u t  does n o t  allow for breaks, lunch t i m e  


or for a longer- work day or work week. 


Length of sampling times are  summarized as follows: 


1973 < 30 min. 
1975 < 60 min. 


1976 < 60 rnin. - 
1977 - < 120 nin .  
1978 - < 120 rnin. 


1979 - < 7 . 5  h. 
19BC - c 7 . 5  h. 
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Associates employed i n  trionizing are exposed t o  various 


@ concentrations of airborne f ibers because they f r e q u e n t l y  


r o t a t e  jubs within the trionizing department .  Plant a n d  cen- 


I1 tral maintenance associares have varying airborne fiber expo- 


II sure due ta t h e  requirements of t h e i r  p o s i t i o n s .  Because of 
- 


this v a r i a b i l i t y ,  Ft hour-TWA exposure i n d i c c s  expressed as 


f iber/cc/day were developed f o r  each department. A separate 


index was developed for exposure 1973 and f o r  2 1974 be- 


cause there was a substantial reduct ion in airborne fiber 


l e v e l s  when improved environmental c o n t r o l s  were instituted 


d u r i n g  1 9 7 4 .  The use of r e s p i r a t ~ r s  in t h e  l a s t  three years 


w i t h i n  c e r t a i n  areas of t h e  plant  was not taken into consid- 


1 
eration in development of t h e  exposure index, 


The  i n d u s t r i a l  hygiene values used to estimate the 1973 


~ n d  before 1973 exposure index w e r e  mean f iber  values for the 


years51973 or the mean value f r o m  t h e  year i n d u s t r i a l  hygiene 


1 va lues  were f i r s t  available. The 1974 and after 1974 expo- 


sure index was developed in a similar manner. Industrial a hygiene rneasvrc~nrnta were initiated at the  company in 1972, 


I becoming more comprehensive in ensuing years. A xumber of 


job positions l a c k e d  i n d u s t r i a l  hygiene measurements, but 


I they ha8 l i m i t e d  exposure to vermiculite. The exposures were 


f e l t  to be sirnilax to t h e  area surrounding the p l a n t  {back- 


( ground leuel). In most iikclihoad the 5 1971 exposure index 


1 underestimates prior  associate fiber cxposuse. T a b l e s  10 
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through 17 summarize the methods used to develop the expo- 


sure indices. 


Table  10 reveals s 1973 exposure i n d i c e s  in the trioniz- 


ing process. Greatest exposures occurred for the expander 


operator and employees working in the t z a c k  area. Individ- 


uals  employed in the track area were estimated to spend 2.1% 


of t h e i r  time emptying rail cars and t r u c k s  of raw vermic-  


u l i t e .  Industrial  h y g i e n e  measurements made at t i m e s  when 


the r a i l  cars were emptied ind ica t ed  extrefiely high  b u t  


transient fiber exposure on an average of 130.35 fiber/cc 


f o r  10 minute  period of measurement. 


Table 11 lists 2 1974 exposure i n d i c e s  f o r  trionizing 


area. A substantial reduction in Exposure was apparent. 


Tables 12 and 13 are 5 1973 and 2 1979 exposures f o r  


plant maintenance. H i g h e s t  exposure was present when work- 


ing in t h e  expander area estimated to be 12.3% of the t i m e .  


Table 14 relates vaLues for  centra l  maintenance, Table 


15 fo r  packaging and T a b l e  16 for warehouse and polyform. 


The exposure for polyform was similar to the background 


atmospheric exposure and w a s  considered to be e s s e n t i a l l y  no 


fiber exposure. 


Table 17 summarizes a31 the exposure ind ice s  fo r  the 


Various jobs. 


The locat ions with the highest airborne fiber exposure 


are the expanding area and the track area. T h e  process of 
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CHAPTER I


I N T R O D U C T I O N


In 1978, Dr. J o h n Prior o f Ohio S t a t e U n i v e r s i t y r epor t ed
what appeared to be an unusual number of cases of benign
pl eural e f f u s i o n in associates of a company in Ohio who were
involved in p r o c e s s i n g raw vermicul i te ore to its e xpanded
f o r m . The company reported thi s f i n d i n g to the Environmental
Prot e c t i on A g e n c y ( E P A ) a n d Occupat i ona l S a f e t y a n d H e a l t h
A d m i n i s t r a t i o n ( O S H A ) . S u b s e q u e n t l y , a n O S H A - i n i t i a t e d
survey conducted f r o m November 29, 1978 to January 19, 1979
re su l t ed in a pr e l iminary report which sugge s t ed a higher
preva l enc e of abnormal pulmonary f u n c t i o n t e s t s and chest
X rays in vermicul i t e-exposed as soc iate s . Environmental
s a m p l i n g p e r f o r m e d at thi s time wae g e n e r a l l y in compl iance
with the Asbe s t o s S t a n d a r d . The medical report by the OSHA
consu l tant recommended more extensive s t u d i e s in order to
document whether, in f a c t , the pre l iminary s tudy was accurate.
The company contracted the Department o f Environmental H e a l t h
at the U n i v e r s i t y of Cinc inna t i C o l l e g e of M e d i c i n e to p e r f o r m
a cross-sect ional e p i d e m i o l o g i c a l medical survey of their
as so c ia t e s at their m a n u f a c t u r i n g p l a n t . The on-site survey
was c ompl e t ed in J u n e 1980. T h i s thes i s p r e s e n t s the r e s u l t s
of the s tudy.







1
Pleura l e f f u s i o n s represent a very common and sometimes


d i f f i c u l t d i a g n o s t i c prob l em. A routine evaluation u s u a l l y
in c lud e s a c l inical examination, a p p r o p r i a t e blood t e s t ,
chest r a d i o g r a p h and laboratory s tud i e s of the p l e u r a l f l u i d .
If t h e e t i o l o g y o f t h e p l e u r a l e f f u s i o n i s s t i l l unknown,
the evaluat ion may then i n c l u d e a p l e u r a l b i o p s y and p o s s i b l e
open thoracotomy. However, the p er c en tage of unknown e t i o l o g i e s
can s t i l l approach 20 percent at the c o m p l e t i o n of the above
l i s t e d d i a g n o s t i c procedure s .


I f p a t i e n t s with p l e u r a l e f f u s i o n o f undetermined e t i o l o g i e s
are f o l l o w e d l o n g i t u d i n a l l y , the e t i o l o g i e s may become clear in
a s i g n i f i c a n t p er c en tage . G u n n e l s f o l l o w e d 27 cases of p l e u r a l
e f f u s i o n of unknown e t i o l o g y and e s t a b l i s h e d the d iagno s i s in
59 percent ( 1 6 ) within 2 years. The e t i o l o g i e s inc lude:
mal ignancy , t ub e r cu l o s i s , pulmonary i n f a r c t i o n , f u n g a l i n f e c -
t ions , and f r a c t u r e d ribs.^


V i r a l pneumonias may be a more common cause of p l e u r a l
e f f u s i o n s than pr ev i ou s ly de s cr ibed . F i n e d id a p r o s p e c t i v e -
s t udy to inve s t iga t e the f r equency of p l e u r a l e f f u s i o n s in
m y c o p l a s m a and viral pneumonia. E f f u s i o n s were present in
20 percent of the cases of documented viral or mycop la sma


/pneumonia. C o m p a r a b l e da ta was f o u n d in other s t u d i e s .
T h e s e viral r e l a t e d i l l n e s s e s , however, are u s u a l l y br i e f and
the e f f u s i o n s are not g r o s s l y b l o o d y .


A l i s t o f m a j o r causes o f p l e u r a l e f f u s i o n s has r e c e n t l y
been p u b l i s h e d by T u r t o n ( T a b l e 1). W h i l e the most common







TABLE 1
C O M M O N C A U S E S O F P L E U R A L E F F U S I O N S


Common b a c t e r i a l p n e u m o n i as e condary p l e u r a ! carc inomac a r d i a c f a i l u r ep u l m o n a r y i n f a r c t i o n
U n u s u a l t u b e r c u l o s i sh y p o p r o t e i n e n r i aa s s o c i a t e d p n e u m o t h o r a xlymphomaa s s o c i a t e d s u b p h r e n i c absces sp a n c r e a t i t i sr h e u m a t o i d a r t h r i t i ssys t emic l u p u s erythematosuss e p t i c e m i ap l e u r a l m e s o t h e l i o m af u n g a l i n f e c t i o nviral i n f e c t i o nf o l l o w i n g m y o c a r d i a l i n f a r c t i o n
Rare i a t r o g e n i c : m e t h y s e r g i d e , n i t r o f u r a n t o i n ,p r a c t o l o l
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causes re sul t f r o m i n f e c t i o n s , heart f a i l u r e or i n f a r c a t i o n ;
i n c l u d e d as a rare cause for p l eura l e f f u s i o n is "asbestos


,,5exposure ."
D i f f u s e e x u d a t i v e p l e u r a l reac t ion f o l l o w i n g a s b e s t o s


expo sure was f i r s t d e s c r i b e d by E i s e n s t a d t in 1964 . S i n c e
t h i s r e p o r t , over 70 a d d i t i o n a l cases have been r e p o r t e d in


1 7 — 1 9th e l i t e r a t u r e . ' C l i n i c a l l y , benign a sb e s t o s p l e u r i s y
u s u a l l y p r e s e n t s as a u n i l a t e r a l , but sometimes b i l a t e r a l ,
s e ro sanguinous p l e u r a l e f f u s i o n . It may b e a s s o c ia t ed with
p l e u r a l or lung parenchymal changes cons i s t ent with a sb e s t o s
exposure or alone as the only m a n i f e s t a t i o n of a sbe s to s expo-
sure . S y m p t o m s can vary f r o m minimal systemic react ion to
an acute i l l n e s s wi th chest pa in , f e v e r and l e u k o c y t o s i s .
The p l e u r a l e f f u s i o n s can s p o n t a n e o u s l y resolve with no
r e s idua l a b n o r m a l i t i e s , or there may be p r o g r e s s i o n to chronic
p l e u r a l t h i c k e n i n g with r e su l tan t r e s t r i c t i o n in l u n g e x p a n s i o n
and a s s o c i a t e d pu lmonary f u n c t i o n t e s t impairment. In some
cases there may be recurrent p l e u r a l e f f u s i o n s .


W h e n p e r f o r m e d , p l e u r a l . b i o p s y material g e n e r a l l y f a i l s
to show a sb e s t o s b od i e s or f i b e r s on l i g h t micro s copy. U n d e r -
l y i n g l u n g t i s s u e may show i n t e r s t i t i a l i n f l a m m a t i o n varying
f r o m m i l d , low-grade i n f l a m m a t i o n t o i n t e r s t i t i a l f i b r o s i s
wi th obvious a s b e s t o s bod i e s pre s en t in the lung t i s s u e . The
r e p o r t e d interval between l a s t a s b e s t o s exposure and d e v e l o p -
ment of e f f u s i o n varies f r o m a few month s to more than 30
year s; the d u r a t i o n of expo sure f r o m 3 to 38 years. It is not


«L







known whether i n d i v i d u a l s with benign p l e u r a l e f f u s i o n s are
[ more l i k e l y to d e v e l o p mal ignant me so the l i oma. T h e r e are
| 3 case r epor t s in the l i t e r a t u r e of i n d i v i d u a l s with mal ig-
{| nant me so the l i oma occurring 9 to 12 years a f t e r r epea t ed


7 9e p i s o d e s o f apparen t "benign" p l e u r a l e f f u s i o n s . '
Benign a sbe s to s p l e u r i s y has been reported wi th amo s i t e /


c r o c i d o l i t e , and c h r y s o t i l e asbe s to s exposure . A n t h o p h y -
l i t e exposure i s a s soc ia t ed with the h ighe s t rate of p l e u r a l
p l a q u e s . C r o c i d o l i t e seems to be the most p o t e n t a sbe s to s
for induc ing mal ignant me s o th e l i omas , f o l l o w e d by amos i t e ,


8 21then c h r y s o t i l e . ' I n f o r m a t i o n on quan t i t a t i v e asbe s to s
| exposure and benign a sbe s to s e f f u s i o n s is not a v a i l a b l e .
I T h e r e are no r epor t ed cases of benign a sb e s t o s p l e u r i s y
I\ r eported due to t r e m o l i t e - a c t i n o l i t e exposure.







C H A P T E R 7.1


C L I N I C A L H I S T O R I E S O F T H E REPORTED C A S E S O F B E N I G N P L E U R A L
E F F U S I O N S


Over a 10-year p e r i o d , beg inning in 1970, 12 cases of
benign p l eura1 e f f u s i o n s were i d e n t i f i e d among company
e m p l o y e e s . Two of these 12 cases were i d e n t i f i e d a f t e r
c o m p l e t i o n of the on-site . e p i d e m i l o g i c a l s t udy in J u n e , 1980.
T h e r e were an a d d i t i o n a l two cases r epor t ed as having d i f f u s e
b i l a t e r a l i n t e r s t i t i a l f i b r o s i s with no h i s t o r y o f e f f u s i o n .
Subs equent f i l m s revealed only b i l a t e r a l p l eural th i ck en ing .
The employment and c l in i ca l da ta of the cases are summarized:
D . S .


D . S . , current ly a 44-year-old mal e , d e v e l o p e d in 1970 at
age 33, symptoms of p l eur i sy wi th*shor tne s s of breath over a
1-2 week period. He was h o s p i t a l i z e d in J u l y 1970 and found
to have "X ray changes on the l e f t side." T h e r e were non-
s p e c i f i c changes reported on e l e c t ro card iogram. Examination
o f the chest revealed ba s i l ar ral e s b i l a t e r a l l y with d u l l n e s s
to p e r c u s s i o n noted on the l e f t s ide . He was d i s c h a r g ed
a f t e r 6 days with the d i a g n o s i s o f viral m y o c a r d i o p a t h y . He
a p p a r e n t l y made a f u l l recovery.


W h e n examined in 1980, D . S . had no c o m p l a i n t s of d y s p n e a .
His chest p h y s i c a l examination was nega t ive and chest radio-
g r a p h , s p i rome try and carbon monoxide d i f f u s i o n c a p a c i t y were







within normal l i m i t s . He gave a 40-pack year his tory of
c igaret te smoking.


; D . S . worked at the company for 23 years inc luding approx-
. imat e ly 10 years in the t r i o n i z i n g area. S i n c e 1969 , he has
j worked in p l a n t maintenance. There is no previous employment> or known previous exposure to asbestos. His es t imated total


f i b e r exposure i s 23.1 f i b e r / c c / y e a r .
; N . B .
: N . B . is a 53-year-old male who, in 1971 at age 43, notedi\ chest pain with low grade f e v e r and associated shortness of
; breath. The pa in was p l e u r i t i c in character and was aggra-i vated by exertion. A chest radiograph obtained during hos-
." p i t a l i z a t i o n in 1971 showed a l e f t - s i d e d p l e u r a l e f f u s i o n .


A f t e r 11 day s , he was d i s c h a r g e d f r o m the h o s p i t a l with a
diagnos i s of acute viral pneumonia.


When examined in 1980, N . B . reported shortnes s of
breath when walking on the level ground r a p i d l y ( G r a d e 1).
I n s p i r a t i o n crackles were heard on chest examination. Ther e
w a s b i la t e ra l p l e u r a l th i ckening ( B / 2 ) , a n d a l e f t p l e u r a l
p l a g u e ( 1 / 1 ) f o u n d on review of the 1980 chest X ray. S p i -
rometry showed mild airway obstruction. His CO d i f f u s i o n
c a p a c i t y was normal. He gave a 60-pack year h i s t ory of
c igar e t t e smoking.


N . B . worked at the company for 23 years inc lud ing approx-
imate ly 11 years in the t r i on i z ing d e p a r t m e n t . S i n c e 1969 ,
he has been a supervisor in the p o l y f o r m p l a n t . He recently







returned to work in the t r ioniz ing p l a n t as a second s h i f t
s u p e r i n t e n d e n t . He was pr ev i ou s ly employed as a farmer
(7 y e a r s ) , pre s s operator ( 1 . 5 y e a r s ) , material handl er (6


m o n t h s ) , b u f f e r and p o l i s h e r in a brass f a c t o r y (9 m o n t h s )
and as an e levator operator (4 m o n t h s ) . He s t a t e s he was
exposed to dust and f u m e s during some of his previous employ-
ment. H o w e v e r / there was no known previous exposure to
a sbe s to s . His e s t imated f i b e r exposure i s 17.2 f i b e r / c c / y e a r .
M . V .


M . V . is a 43-year-old male who, in 1976, d e v e l o p e d a
" f l u - l i k e " i l l n e s s at age 40, 6 weeks prior to h o s p i t a l i z a t i o n .
T h r e e weeks prior to admi s s i on , he d e v e l o p e d r igh t - s i d ed
p l e u r i t i c chest p a i n , d a i l y t emperature e l evat ions t o 1 0 0 ° F
and subsequent r a d i o g r a p h i c evidence of r i g h t - s i d e d p l eura l
e f f u s i o n . M . V . was h o s p i t a l i z e d and e v e n t u a l l y underwent a
thorac en t e s i s wi th p l e u r a l b i op sy . A p p r o x i m a t e l y 600 cc of
g r o s s l y b l oody p l e u r a l f l u i d was removed f r o m his right chest.
C u l t u r e s for tubercu lo s i s and bacteria were negative as was
a tubercu l in skin t e s t . A chest r a d i o g r a p h revealed no under-
l y i n g lung parenchymal abnormal i t i e s . Pleura l b i o p s y revealed
i n f l a m m a t i o n and extensive f i b r o s i s without evidence of gran-
uloma or mal ignancy.


C u r r e n t l y , M . V . seems to have made an u n e v e n t f u l recovery
without c o m p l a i n t s r e f e r a b l e t o h i s previous p l e u r a l e f f u s i o n
and f i b r o s i s other than occasional sharp pa in in the right







chest area. He had a 25-pack year history of c igaret te
smoking.


M . V . was a maintenance man in the f e r t i l i z e r p lan t for
a p p r o x i m a t e l y 10 years. He was p r e v i o u s l y employed as an
automobile mechanic (2 years) and coin-operated machine
mechanic (2 y e a r s ) . He l e f t the company in 1968 to start
his own heat ing and vent i la t ion business. T o t a l f i b e r / c c /
year exposure was 12.6.
D . G .


D . G . is a 49-year-old male who, in 1976 at age 44, devel-
oped l e f t - s i d e d p l e u r i t i c chest pain which l a s t e d for one
month. He was h o s p i t a l i z e d and found to have a l e f t - s i d e d
p l eura l e f f u s i o n . A thoracente s i s revealed serosanguinous


•


f l u i d with cyto logy negative for malignant c e l l s . Routine
f u n g a l and tubercu lo s i s cul ture s were negative. A tubercul in
skin test was negative. D.G. made an unevent fu l recovery.
His chest rad i ograph s showed c l ear ing o f h i s e f f u s i o n .


As of 1980, D . G . reported no dy spnea . His chest examin-
ation, sp i rome try , CO d i f f u s i o n c a p a c i t y and chest radio-
graph s were considered normal. He gave an 18-pack year
hi s tory of c i g a r e t t e smoking.


D.G. has worked at the company for 22 years. He spent
4 years in engineer ing and some 20 years in material p lan-
ning. He worked in t r ioniz ing for only a few months. T o t a l
f i b e r / c c / y e a r exposure was 2.7.
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He prev iou s ly was employed with the railroad (6 m o n t h s ) ,
pos t o f f i c e (4 y e a r s ) and as a qua l i ty control in spec tor (3
years). He had no known previous exposures to asbestos.
D . C .


D . C . is a 43-year-old male who d e v e l o p e d coryza, cough,
d y s p n e a and decreas ing a p p e t i t e 5 months prior to h o s p i t a l -
ization in 1977. A chest radiograph revealed bi lateral
p l e u r a l e f f u s i o n with lower lobe l inear f i b r o s i s . Pulmonary
f u n c t i o n t e s t s p e r f o r m e d at this time revealed a restrictive
lung d e f e c t with no evidence of airway obs truct ion. A thora-
centes i s revealed g r o s s l y b loody f l u i d and p l eura l b iop sy
showed "chronic i n f l a m m a t i o n with f i bro s i s . " There were no
granuloma or malignant c e l l s noted. Because of decreased*


exercise tolerance, a bi lateral pleural decort icat ion pro-
cedure was p e r f o r m e d . The p a t h o l o g y of the p l eura l t i s sue
removed at surgery showed chronic i n f l a m m a t i o n with f i b r o s i s .
There was no evidence of asbestos bodies noted by l i g h t
micro s copy within lung parenchyma or p l e u r a l t i s sue. No
asbestos p a t t e r n was found by x-ray d i f f r a c t i o n of the
p l e u r a l t i s sue. D . C . noted s i g n i f i c a n t improvement in his
re sp iratory symptoms a f t e r his surgical procedures. He had
a 25-pack year hi s tory of c i gar e t t e smoking.


D . C . worked for the company for 6 years, r o t a t i n g through
a series of j o b s , mo s t ly in the tr ionizing area. T o t a l f i b e r /
c c /y ear exposure was 9.0. He prev iou s ly was employed in a
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steel mil l and worked as a bartender, e l e c t r i c ian h e l p e r and
security guard.
L . G .


L . G . is a 47-year-old male who d e v e l o p e d f a t i g u e , cough,
shortnes s of breath, and night sweats at age 44, a few months
prior to h o s p i t a l i z a t i o n in 1977. He i n c i d e n t a l l y s u s t a i n e d ,
a knee i n j u r y which required h o s p i t a l i z a t i o n . A routine
chest r a d i o g r a p h taken at th i s time revealed a r i g h t - s i d e d
p l eura l e f f u s i o n . A thoracente s i s produced a large amount
of b l o o d y f l u i d that was negative on c y t o l o g y for mal ignant
c e l l s . Routine f u n g a l and all t ub er cu l o s i s cu l ture s were
negative. A tuberculo s i s skin test was p o s i t i v e . Pleura l
b i op sy showed "chronic i n f l a m m a t i o n with f i b r o s i s . " F i b e r -


•


o p t i c bronchoscopy was negat ive. A p l e u r a l d e cor t i ca t i on
was p e r f o r m e d with removal of a thick f i b r i n o u s peel f r o m
the right visceral and par i e ta l p l eura . P a t h o l o g i c a l exam-
ination of th i s s u r g i c a l l y removed t i s sue whowed i n f l a m m a t i o n
and f i b r o s i s . He has a 45-pack year h i s t o ry of c i g a r e t t e
smoking.


L . G . worked for the company for 10 years in central
maintenance and in the t r i on i z ing p l a n t for 4 years. He
retired in 1979 because of a cardiac condi t i on . T o t a l
f i b e r / c c / y e a r exposure was e s t imated at 7.4. He was pre-
vious ly employed in the ceraminc f l o o r t i l e and f l o o r cover-
ings business .
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H . J . .
H.J. is a 55-year-old male who, in 1977 at age 51, devel-


oped a several-month history of right anterior chest pain.
On the evening prior to h o s p i t a l admis s ion, he d ev e l op ed
severe right anterior chest pain with shortnes s of breath.
On h o s p i t a l i z a t i o n , a chest rad i ograph revealed an extensive
pleural e f f u s i o n on the right side. There was gro s s ly bloody
f l u i d on thoracente s i s . The f l u i d was negative on routine
and tuberculo s i s cu l ture s and no mal ignant c e l l s were seen
on c y t o l o g y . Pulmonary angiogram and bronchoscopy were
normal. Pleural b iopsy reported n o n s p e c i f i c i n f l a m m a t i o n
with extensive f i b r o s i s . A chest tube was inserted to
remove a l i t e r o f g r o s s l y b loody f l u i d . F o l l o w i n g th i s , the


| p a t i e n t made a rapid recovery.
| As of 1980, his chest radiograph revealed b lun t ing of the


right CPA and he reported Grade 1 d y s p n e a . His chest examin-
ation, sp irometry and CO d i f f u s i o n c a p a c i t y were within
normal l i m i t s .


H.J. worked 13 years in the tr ionizing area. T o t a l f i b e r /
c c /year exposure was 13.8. Prior to thi s he was a farmer for
12 years. He has had no known previous exposure to a sbe s to s .
D . S .


D . S . is a 59-year-old male who, at age 55 in 1977, was
!


i noted to show on routine chest r a d i o g r a p h " d i f f u s e b i l a t e ra l
| pulmonary f i b ro s i s " of a linear nature with accentuation in
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the bas i lar regions. He reported a moderate ly produc t ive
cough without dy spnea on exertion. A f r i c t i o n rub was
noted on p h y s i c a l examination.


As of 1980, D . S . showed b i la t eral p l eural thickening on
chest X ray ( A / 1 ) . S p i r o m e t r y indicated moderate airway
obstruction. His CO d i f f u s i o n capac i ty was reduced to 55%
of p r e d i c t e d . His chest phys ical examination was negative;
he reported no dyspnea in 1980. He gave a 40-pack year
his tory of c igare t t e smoking.


D . S . worked in t r i on iz ing for 8 years and 5 years in
p l a n t maintenance. T o t a l f i b e r / c c / y e a r exposure i s 9.7.
Prior to t h i s , he was a machinist for another company (27
year s). He has no known previous exposure to asbe s to s .


4


D.R.
D.R. current ly is a 49-year-old male evaluated in 1977


at age 47 because of an abnormal chest rad i ograph . He denied
cough, sputum produc t ion, p l eur i sy or dyspnea on exertion.
Chest examination reported b i la t era l d u l l n e s s to percussion
over the pos t er ior lateral chest w a l l s . T h e r e were rales
noted on chest auscul ta t ion. Chest rad iograph taken in
January 1977 showed b i la t eral thickening. There was costo-
phrenic ang l e b l u n t i n g and "rather d i f f u s e minimal f i b r o s i s
throughout the lungs."


When examined in 1980, D.R. had rales heard on chest
a u s c u l t a t i o n , crackle s and c lubb ing of the f i n g e r s noted.
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There was bi lateral p l eural thickening ( C / 2 ) f o u n d on chest
radiograph. A mild restrictive pa t t e rn was seen on spirom-
etry. He reported no dy spnea; his CO d i f f u s i o n capaci ty was
normal. He gave a 10-pack history of c igaret t e smoking.


D.R. has worked for the company for the pa s t 22 years, in
central maintenance for 12 years, packaging 4 years, and in
research 6 years. T o t a l f i b e r / c c / y e a r exposure is 4.0. He
previous ly worked in a grain elevator (1 year) and as a
farmer (5 y e a r s ) . He has had no known previous exposures to
asbestos.
P . P .


D . P . , a 55-year-old male, was found to have a right-
sided p l eural e f f u s i o n in 1978 at the age of 52. He denied


4symptoms other than a mild cough. A thoracentesi s revealed
a bloody pleural e f f u s i o n with f l u i d negative on cy t o l ogy
for malignant c e l l s . A pleural biopsy indicated "chronic
i n f l a m m a t i o n with f i bro s i s . " A tuberculin skin test was
negative. D.P. made an unevent fu l recovery and experienced
only occasional "pu l l ing" in his right anterior chest wal l .


When examined in 1980, D . P . showed evidence of mild
obstructive airway di sease on spirometry. He reported no
d y s p n e a and his chest p h y s i c a l examination, r a d i o g r a p h , and
CO d i f f u s i o n capac i ty were all normal.


D.P. worked 23 years for the company in the trionizing
area, and one year in packaging. He previous ly was employed
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on a f a r m and has no known previous exposures to asbe s to s .
T o t a l f i b e r / c c / y e a r exposure i s 25.4.
F . O .


P.O. is a 32-year-old male who, in 1978 at age 29, was
discovered to have a small r igh t - s i d ed p l e u r a l " e f f u s i o n or
reaction" on a routine chest r a d i o g r a p h . He c ompla ined of
mild d y s p n e a with strenuous exertion and a m i l d , produc t iv e
cough. A repeat f i l m obtained 7 months later showed compl e t e
r e s o l u t i o n o f th i s p l e u r a l proce s s .


When examined in 1980, F . O . showed b i l a t e r a l costo-
phrenic ang l e b l u n t i n g on chest r a d i o g r a p h . He ind i ca t ed
no d y s p n e a and his chest examination, sp i rome try and CO
d i f f u s i o n capac i ty were normal. He reported a 15-pack year


h
hi s tory of c i g a r e t t e smoking.


F . O . worked for the company for 9 years, the m a j o r i t y in
the t r i on i z ing area or p l a n t maintenance. T o t a l f i b e r / c c /
year exposure is 5.7. He was pr ev i ou s ly employed in a car
body shop (1 year), and as a lab technician (2 year s) . He
has had no known previous expo sure s to a sbe s to s .
T . C .


T . C . is a 48-year-old male who, in 1979 at age 46, devel-
oped r i g h t - s i d e d p l e u r i t i c chest pain. On h o s p i t a l i z a t i o n ,
a chest X ray showed a small r ight p l e u r a l e f f u s i o n which
was exudate in nature on thoracente s i s . Routine f u n g a l and
tubercu lo s i s cu l ture s were negat ive. Review of a chest
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radiograph taken 3 weeks prior to ho sp i t a l admission showed
an even larger amount of f l u i d at the right base. T . C . had
an uneventful recovery.


In 1980, examination o f T . C . revealed in sp i ra t ory crack-
les on chest phys i ca l examination. Ther e was b lun t ing of
the right co s tophrenic angle on chest X ray. S p i r o m e t r y
showed evidence of mild airway obstruction. T . C . reported
no dy spnea; his CO d i f f u s i o n capaci ty was normal. He had a
30-pack year history of c igaret t e smoking.


T . C . worked for the company for 15 years, 9 years in the
warehouse, 2 years in p lan t maintenance, and 4 years in po ly-
form. He worked in the t r i oniz ing area as a p l a n t mainten-
ance man and during slow per iod s in other p a r t s of the p l a n t .
T o t a l f i b e r / c c / y e a r exposure is es t imated at 3.7. He pre-
viously was employed as a construction worker (1 y e a r ) , punch
pres s operator (2 y e a r s ) , sheet metal welder (7 y e a r s ) ,
laborer (2 y e a r s ) , and general laborer (5 year s). He had no
known exposure to asbes tos during his previous employment .
J . R .


J . R . is a 49-year-old male who was found to have a right-
sided p l eural e f f u s i o n on a routine annual chest radiograph
taken in November 1980. The e f f u s i o n was small and no thora-
centesis was p e r f o r m e d . J . R . a p p a r e n t l y reported no symptoms.
The discovery o f this case o f p l eura l e f f u s i o n occurred a f t e r
c o m p l e t i o n of the cros s-sect ional s tudy. J . R . had no dy spnea
and his chest physical examination was reported as normal.
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His chest r a d i o g r a p h y , sp irometry and CO d i f f u s i o n c a p a c i t y
were all normal. The s ta tu s of his PPD is not known. He
does not smoke c i gar e t t e s .


J . R . worked in central maintenance for 9 years. Previous ly
he was a welder (12 .5 y ear s) and a farmer . T o t a l f i b e r / c c /
year exposure is 1.8. He claims no known a sbe s to s exposure
during previous emp loymen t .
D . A .


D . A . , a 46-year-old male, was h o s p i t a l i z e d in J a n u a r y of
1981 bacause of a p l e u r a l e f f u s i o n . T h i s was preceeded by
an u p p e r r e s p i r a t o r y i n f e c t i o n in December 1980. The p l e u r a l
f l u i d was found to be serosanguinous on thoracentesis. There
was no evidence of bacterial or tuberculosi s i n f e c t i o n . A


4


p l e u r a l b i op sy was e s s e n t i a l l y negative for n eop la sm or gran-
ulomatous d i s ea s e , but there was extensive p l eura l f i b r o s i s .
In A p r i l 1981, a chest X ray showed an enlarged heart sugges-
t ing a pericardial e f f u s i o n .


D . A . ' s p l eura l e f f u s i o n w a s discovered a f t e r c ompl e t i on
of the cros s-sec t ional s tudy . However , when we examined him
in 1980, he had crackles on chest phys i ca l examination.
S p i r o m e t r y showed mild r e s tr i c t ive lung d e f e c t . H e r epor t ed
no symptoms of dyspnea. His chest rad i ograph , in 1980, was
reported as being normal. He gave a 40-pack year his tory of
c i g a r e t t e smoking.
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D . A . has worked in the company warehouse for the las t 9
years. Prior to this there was an occupational exposure to
g lu e for 5 years at a shoe f a c t o r y ; he worked as a sander in
a g l a s s f a c t o r y (1 y e a r ) , truck driver (8 y e a r s ) , j a n i t o r (1
year) and a pre s s op era t or(4 y e a r s ) . T o t a l f i b e r / c c / y e a r
exposure was e s t imated to be 1.0 at S c o t t . He claims to
have been expo s ed to numerous type s of dust dur ing previous
employment s . He also claims exposure to asbestos in su la t i on
from spraying asbestos cement p r o d u c t s and f r o m new construc-
tion work.
Charac t er i s t i c s of the 12 Pleural E f f u s i o n Cases


The employment , c l in i ca l and laboratory d a t a of the 12
•


cases of p l eural e f f u s i o n are summarized in T a b l e s 2-6 ( t h e s e
t a b l e s do not in c lude the 2 cases o r i g i n a l l y reported as
having i n t e r s t i t i a l changes only with no documented e f f u s i o n s )
Review of individual cases suggest 2 could be due to i n f e c -
tious causes, while 10 were cons i s t ent with the d i a g n o s i s of
asbe s to s p l e u r a l e f f u s i o n . Two a s so c ia t e s had d e v e l o p m e n t
of such severe p l e u r a l th i cken ing that p l e u r a l d e c o r t i c a t i o n
was required. One associate had p l eura l t issue analyzed by
x-ray d i f f r a c t i o n ( p e r f o r m e d a t the K e t t e r i n g Labora tory ,
U n i v e r s i t y of C i n c i n n a t i ) which revealed no asbe s to s p a t t e r n
or excessive amounts of quartz.


T a b l e 2 summarizes i n f o r m a t i o n on the 12 cases i n d i c a t i n g
a l l were m e n g e n e r a l l y i n their early 4 0 ' s o r l a t e 3 0 ' s when
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p l e u r a l e f f u s i o n s were f i r s t noted. T h e y had been employed
an average of 15 years.


T a b l e 3 ind i ca t e s an average of 13 years f r o m beginning
employment to subsequent di scovery of p l e u r a l e f f u s i o n with
a range of 6-20 years. Average e s t imated cummulative expo-
sures of the group was 10.3 f i b e r / c c / y e a r , with a range of
1.0 to 25.4 f i b e r / c c / y e a r .


T a b l e 4 l i s t s the year when the p l e u r a l e f f u s i o n s were
d e t e c t e d , most were i d e n t i f i e d a f t e r 1975.


T a b l e prov ide s reported symptoms in the 12 s u b j e c t s as
well as charac t er i s t i c s of the p l e u r a l e f f u s i o n when
examined in 7 persons. The m a j o r i t y of s u b j e c t s were
symptomatic , only 1 reported no symptoms. Chest pain was a
major c ompla in t , f o l l o w e d by cough and shortness of breath


( S O B ) . T h e p l eural e f f u s i o n s charac t e r i s t i ca l ly were bloody,
having a high protein content and predominance of mononuclear
c e l l s .


As indi ca t ed in T a b l e 6, the m a j o r i t y of the p l e u r a l
e f f u s i o n s were right s i d ed . In only 1 case was there an
as soc iated X ray evidence of i n t e r s t i t i a l f i b r o s i s . P l e u r a l
b i op sy was p e r f o r m e d in 6 cases, which, in each case, revealed
an i n f l a m m a t o r y reponse or the presence of f i b r o s i s .







TABLE 2


V E R M C C U L I T E EXPOSED W O R K E R S W I T H PLEURAL E F F U S I O N S


Number of
S u b j e c t s


12


Current Age ( y r s )Mean Range


1*7 32-55


Age at Diagnos i s ( y r s )Mean Range


U3 29-52


Year s Employment ( t o t a l )
Mean Range


15 6-23


too







TABLE 3


V E R M I C U L I T E EXPOSED W O R K E R S W I T H P L E U R A L E F F U S I O N S


I N T E R V A L I N I T I A L E M P L O Y M E N T *
Mean Range


13 6-20


F I B E R / C C / Y R EXPOSURE
Mean Range


10.3 1.0 - 25.U


Interval between in i t ia l employment and onset of p l eural
e f f u s i o n .


toH







- ' • * !


TABLE 4


V E R M I C U L I T E E X P O S E D W O R K E R S W I T H P L E I J R A L E F F U S I O N S


Y E A R D I A G N O S I S M A D E
69-71


2
72-74


0
75-77


5


I


78-81
5


N Jto







TABLE 5


V E R M I C U L I T E E X P O S E D W O R K E R S W I T H PLEURAL E F F U S I O N S


SYMPTOMS **


Ches t
Pain


8


Fever


I


Cough


6


SOB


6


P L E U R A L E F F U S I O N C H A R A C T E R * * *


Blood


6


WBC
>1000


*


Protein
> 2.5 gm


1


Mononxic l ear
C e l l s > 50%


'


* The e m p l o y e e ' s symptoms and the characteristic^ of the e f f u s i o n s were not reported in all cases
** One employee had no symptoms*** Results of p l e u r a l - f l u i d analysis available in only 7 employee s







TABLE 6


V E R M I C U L I T E EXPOSED WORKERS W I T H PLEURAL E F F U S I O N S


Locat ion o f E f f u s i o n * Presence o f I n t e r s t i t i a l F i b r o s i s Pleural Biopsy**
Right


7
L e f t


3
Bilateral


1 1 6


* The site of the e f f u s i o n was not reported in one case.
** I n f l a m m a t i o n and/or f i b r o s i s demonstrated on p a t h o l o g i c examination of pleural tissue of


those examined.


to*»
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C H A P T E R I I I


D I S C R I P T I O N O F M A N U F A C T U R I N G P R O C E S S
The company/ located in Ohio, m a n u f a c t u r e s f e r t i l i z e r


and lawn-care produc t s . The f e r t i l i z e r p l a n t u t i l i z i n g
vermiculi te as a carrier was comple t ed in 1956 and put into .
produc t i on in 1957. V e r m i c u l i t e was not u t i l i z e d by any of
t h e c o m p a n y ' s f a c i l i t i e s b e f or e 1957. T h e p o l y f o r m f e r t i l i z e r
p l a n t , c o m p l e t e d in 1969 , i s a s epara t e f a c i l i t y l o ca t ed 1/4
mile away. The research and deve lopment sect ion, also a
separate f a c i l i t y , is 1/4 mile f r om the main p l a n t . The
c o m p a n y ' s f a c i l i t i e s can be d ivided into 8 main d e p a r t m e n t s :
tr ioniz ing, p o l y f o r m , packaging, warehouse, p lan t maintenance,


4


central maintenance, research and d e v e l o p m e n t , and f r o n t
o f f i c e s . A to ta l of a p p r o x i m a t e l y 530 as soc iate s are
employed in these areas. A p p r o x i m a t e l y 232 employees are
involved in produc t i on and packag ing of vermicul i t e contain-
ing f e r t i l i z e r . An addi t i ona l 99 employees are involved in
p l a n t and central maintenance. Workers tend to rotate j o b s
within d e p a r t m e n t s , but g e n e r a l l y do not rotate between
d i f f e r e n t d epar tment s .


The company m a n u f a c t u r e s most o f their f e r t i l i z e r during
the winter months. Employee s g enera l ly work 8-10 hours a
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day with every third weekend of f (October through M a r c h ) .
In the early f a l l and late s pr ing , associates g enera l ly work
a 40-hour week. During the summer, tr ionizing and p o l y f o r m
operators f r e q u e n t l y take vacation or work in other depar t-
ments .


The t r ioniz ing section of the p l a n t i s d iv ided into d i f -
f e r en t areas: track area, expanders , f e e d e r s , b l ender , resin,
dryer s , screen and s i z ing. The raw vermicul i t e ore is f i r s t
unloaded f rom rail cars or trucks and into a f l o o r f e e d stor-
age h o p p e r . The ore is then t ranspor t ed to one of eight
expander furnace s where it is expanded ( e x f o l i a t e d ) . The
unexpanded port ion is removed by a separator screen. The
expanded vermiculite ore is combined with various material s
such as urea f o r m a l d e h y d e , p o t a s h , ' or herbicides. A f t e r
b l e n d i n g , the ore is d r i e d , s i z ed , screened, packaged and
stored. F i g u r e 1 d i a g r a m m a t i c a l l y summarizes the t r ioniz ing
proce s s .


The type of vermiculi te expander was m o d i f i e d in the
1 9 6 0 ' s with a n appar en t decrease i n airborne d u s t . I n 1967,
dust c o l l e c t o r equipment was i n s t a l l e d with ongoing m o d i f i -
cation f r o m 1967 to 1972. The m o d i f i c a t i o n s and improvements
in process operat ions and environmental controls have resul-
ted in marked improved i n d u s t r i a l hygiene c ond i t i on s since
1974.







F i g u r e 1
T r i o n i z e Process


V e r m i c u l i t e arrives by rail & truck
IS t o r a g e h o p p e r s


Expander
YU n e x p a n d e d p o r t i o n ( s a n d )to s eparator screen


Expanded vermicul i t e
vS t o r a g e bins


Line 1 ^r ~~** Line 2 control l ine
ISame proce s s as Line 11 'Coi xveyor


\/
•furea f o r m a l d e h y d e


i• f s o l i d s ( p o t a s h , e t c . )
j 'BlenderifP a d d l e mixerifDryer
*S i z i n g & screening4.
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Corn cobs in by rail
VS t o r a g e bins


Add herbic ide s top l a i n vermicu l i t e( e x p a n d e d ) or tocorn cobs


> f
Control areaP a c k a g i n g l ine s
S h i p p i n g


— +herbicide if f o r m u l a t i o n requires itT r i o n i z e pack-ag ing area
S h i p p i n g
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C H A P T E R I V


DESCRIPTION OF RAW MATERIALS


The company incorporates numerous. material s in the manu-
f a c t u r e o f their p r o d u c t s . A c o m p l e t e l i s t i n g o f these mate-
r ia l s is a v a i l a b l e in the annual "Raw M a t e r i a l s - I n d u s t r i a l
H y g i e n e and T o x i c o l o g y . " T h e r e have been numerous d e l e t i o n s
and a d d i t i o n s to th i s l i s t in the pa s t .several years. No
l i s t i n g s ar e a v a i l a b l e b e f o r e 1966. The 1978 OSHA i n d u s t r i a l
hygiene survey f o u n d exposure l i m i t s f or thiram, 2 ,4-D, dia-
zinon, s u l f u r i c ac id , f o r m a l d e h y d e and ammonia to be in the
p e r m i s s i b l e range. The f o l l o w i n g i s a l i s t of raw m a t e r i a l s
used at the company that could p o s s i b l y produce pulmonary
changes under certain condi t i ons .


4


1. Ammonium hydroxide NH40H - a h i g h l y caustic agent that
can cause acute lower airway i n j u r y , pulmonary edema and
even dea th .


2. A t t a p u l g i t e C l a y - a magnesium aluminum s i l i c a t e - e x i s t s
in f i b r o u s f o r m . The e f f e c t s o f human i n h a l a t i o n i s not
known.


3. Benomyl ( B e n l a t e ) SOW - s l o w l y breaks down in pre s ence
of h e a t / water or a c i d s , r e l e a s i n g butyl i socyanate.


4. B r i l l i a n t Green C r y s t a l s - i n f o r m a t i o n on c ompo s i t i on
not ava i lab l e .


5. Corncobs - used as a carrier. Long-term h e a l t h e f f e c t s
of the i n h a l a t i o n of thi s organic dust is not known.







:.v»iv
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6. F r i t - 804 ( S 0 5 ) - o x i d e s , s u l f a t e s , and f r i t s of minor
e l ement s p l u s sodium borate. I r o n , zinc, manganese,
c opper , boron and molybdenum.


7. H i - S i l 233 - a hydrated s i l i c a 87% S i 0 2 . The material
is amorphous, n o n c r y s t a l l i n e , but may be converted to
c r y s t a l l i n e f o r m o f s i l i ca with a p p l i c a t i o n o f high
t emperature .


8. S o d i u m hydrox ide (caus t i c s o d a ) - inha la t i on of this
material can cause mild to severe damage to the lower
airway i n c l u d i n g acute pneumoni t i s with pulmonary edema.


9. S u l f u r i c acid - can cause lower r e sp i ra t ory irri tat ion.
10. Urea - f o r m a l d e h y d e concentrate - irritant to lower


r e s p i r a t o r y tract. May be involved .as s en s i t i z er with
*


re sul tant as thmatic condit ion. I r r i t a t i o n of high con-
centration can cause chemical pneumonitis .
The m a j o r i t y of the mater ial s l i s t e d above cause acute


pulmonary i n j u r y when present in high concentrations. The
breakdown product of Benomyl (i socyanate and urea- formalde-
hyde may be pulmonary s ens i t izers which result in an asth-
matic c ond i t i on . A t t a p u l g i t e i s a f i b r o u s mineral with
dimensions s imilar to a s b e s t i f o r m minerals. An epidemic-
l og i ca l s tudy o f t h e pulmonary e f f e c t s o f a t t a p u l g i t e expo-


22sure is currently being done.
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i£: S S f e


-W:


The e f f e c t s of combination exposure s are not known.
F i b e r s and p a r t i c u l i t e matter may act as carriers for ga s e s ,
f u m e s or chemical s with r e su l tant d e ep er p e n e t r a t i o n of the
p o t e n t i a l l y toxic material into the lung.
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CHAPTER V


M I N E R A L O G Y O F V E R M I C U L I T E


V e r m i c u l i t e is the g e o l o g i c a l name given to a group of
hydrated laminar aluminum-iron-magnesium s i l i c a t e s . N i n e -
teen variet ies of thi s mineral have been i d e n t i f i e d . Ver-
m i c u l i t e has a c r y s t a l l i n e s truc ture s imi lar to mica and
b i o t i t e , but can expand or e x f o l i a t e up to 20 times its
original size with the a p p l i c a t i o n of heat between 300 and
1,500 d e g r e e s F a h r e n h e i t . T h i s e x p a n d i n g p r o p e r t y r e s u l t s
f r o m the conversion of in tr ins i c water to steam. As it
e x p a n d s , vermiculite becomes curved or "worm-like", hence


23-25the name f r o m vermicular meaning to produce worms.
Chemical analys i s of unexpanded vermiculite is shown in
T a b l e 7.


The i n s u l a t i n g and f i r e r e s i s t an t p r o p e r t i e s o f vermic-
u l i t e make i t u s e f u l for various commercial a p p l i c a t i o n s .
T h e s e uses inc lude: a g g r e g a t e s in cement, p l a s t e r and hard
board s , f i l l e r s in p l a s t i c s , rubber, r o o f i n g and f l o o r i n g
m a t e r i a l , and as carriers for s e e d s , h e r b i c i d e s , insect i-
c i d e s , f u n g i c i d e s and f e r t i l i z e r s . V e r m i c u l i t e is used as
a soil a d d i t i v e and as a b u l k i n g agent in animal f e e d . The
company u t i l i z e s e x p a n d e d v e r m i c u l i t e as a carrier for
f e r t i l i z e r s , h erb i c id e s , f u n g i c i d e s and in s e c t i c id e s .


The main commercial sources . f o r v e r m i c u l i t e are M o n t a n a ,
V i r g i n i a , S o u t h C a r o l i n a , a n d S o u t h A f r i c a . Acc e s s o ry
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T A B L E 7
C H E M I C A L A N A L Y S I S O F U K E X F O L I A T E D V E R M I C U L I T E


From Ot1s, L.M.21*


1 J


S i O ZT10 2
A-20 3Fe 20 3FeO
MnO
HgO
CaO
Na20K 2 0


•H 2 0 at 150° C


T y p e
T h e o r e t i c a lvermlcul i t i


36.71


14. 75
4.43


24.62


20.09


or Source e
LibbyMont.


41.0


13.0
7.0


21.0
1.0
1.0
1.0


11.04


f Material
Palabora,SouthA f r i c a
39.37


1.25
12. 08


5.45
1.17


.30
23.37


1.46
f i n


2 AC


11.20


West ChesterPa. ( J e f f e r -i s i t e )
34.30


16.58
7.41
1.13


20.41


_


21.14







#&'•
K M K . V


•%&'


Sources of V e r m i c u l i t e
30 r


Ooo
COI
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Montana
• Africa
• V i r g i n i a


7 0 1 2 3 4 5 6 7 8 9 8 0
1970 to I 9 6 0


F i g u r e 2
P l a n t u t i l i z a t i o n o f var iou s sources o f v e r m i c u l i t e , 1970-1980.
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T A B L E 8
X - R A Y D I F F R A C T I O N A N A L Y S I S O F V E B H X C O T . X T E


SOURCE


A F R I C A N
Raw Ore
E::var.ded
Sand


M O N T A N A
Raw Ore
Expanded
Sand


END PRODUCT


T R E M O L I T E ( % )
G S T


<0.5
1!D
ND


1-4
ND
ND
ND


CSC


<0.5
0.0


<0.5


<0.5
<0.5
<0.5
<0.5


C H R Y S O T I L E ( % )
G S T


<10
KD


<10


ND
ND
ND
ND


CEC


2.0
o.s
1.0


<0.5
<0.5
<0.5
<0.5


CROCIDOLITE (%)
G S T


_•
__


v.
— —


—


CEC


6-10
<5.0
<5.0


14-24
5.0


<5.0
<5.0


ND - Not detected *
GST - G u l f Sc i enc e t T e c h n o l o g y CompanyMedi ca l DivisionP.O. Box 3240P i t t s b u r g h , Pa. 15230
CEC - C l a v t o n Environmental C o n s u l t a n t s , I n c .S o u t h f i e l d , M i c h i g a n 48075
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*I
1


minerals in the d e p o s i t s include: quartz, f e l d s p a r , a p a t i t e ,
2 3 — 2 6corundum, ch lor i t e , t a l c , clay and a s b e s t i f o r m minerals.


I d e n t i f i c a t i o n of these a s b e s t i f o r m minerals has been a prob-
lem. The company purchased most of their vermiculite f r om
the Grace Mine in Libby, Montana until 1979. T h e y have since
discontinued using Montana ore and have switched to S o u t h
A f r i c a n and Virginian ore. A small amount of S o u t h Carol ina
ore was u t i l i z e d beginning in 1978. F i g u r e 2 d e p i c t s the
p l a n t u t i l i z a t i o n of the various sources of vermiculite.


Befor e 1977, the company contracted G u l f Science and
T e c h n o l o g y Company and C l a y t o n Environmental C o n s u l t a n t s ,
I n c . to analyze bulk sampl e s o f vermiculite for a s b e s t i f o r m
minerals. The re sul t s of these initial analyses of Montana


f tand South A f r i c a n ores are shown in T a b l e 8. The two d i f f e r -
ent laboratory analyses gave contradic t ing re su l t s s ugge s t ing
the presence of t r emo l i t e , chryso t i l e and cro c ido l i t e asbes-
tos. Because of these contradic t ing r e su l t s , add i t i ona l
analyses of ores was done by W . C . McCrone A s s o c i a t e s , Chicago
I l l i n o i s . The r e su l t s o f 12 separate analys e s , p er f ormed
over a 3-year period are shown in T a b l e 9.


The McCrone data on the a s b e s t i f o r m mineral content of
vermiculite sugge s t ed the ore f r o m N o r t h America was con-
taminated with t r emo l i t e -ac t ino l i t e . The tremoli te-act ino-
l i t e in the Virg in ia and N o r t h Carol ina ore was d e s ignat ed
as being the nona sb e s t i f o rm type .
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The S o u t h A f r i c a n ore does not appear to be contaminated
with a s b e s t i f o r m minerals. C h r y s o t i l e f i b e r s , which were
previously i d e n t i f i e d in South A f r i c a n ore using x-ray d i f -
f r a c t i o n were not f o u n d when reexamined by p o l a r i z e d l i g h t
microscopy with d i sper s i on s taining. The McCrone analyses
agree with analyse s of S o u t h A f r i c a n ore by the Ontario
Research Founda t i on . The la t t e r examination used scanning
elec tron microscopy with energy d i sp er s iv e x-ray analys i s
and transmiss ion e l ec tron microscopy with s e l e c t ed area
electron d i f f r a c t i o n . T h e previous ly i d e n t i f i e d chrysot i l e-
l ike f i b e r s in S o u t h A f r i c a n ore could have been r o l l e d up
s c ro l l s of vermiculite. S c r o l l s show tubular morphology., and
tend to f o r m bundle s s imilar to chryso t i l e asbes tos . The
transit ion to scroll c on f igura t i on involves propor t ional
reduct ion of magnesium and aluminum concentrations re la t ive


27to s i l i con concentration.
The Montana ores are reported to contain e a s i l y recog-


nizable f i b r o u s tremol i t e when observed even by hand speci-
mens. Airborne dust s a m p l e s f r o m the Montana source viewed
under phase contrast microscopy revealed numerous f i b e r s
believed to be t r emo l i t e . E l e c t ron microscopy of the
Montana ore has also revealed the presence of apparent chrys-


28o t i l e f i b e r s . I n t e r e s t i n g l y , a r e c en t ly p u b l i s h e d report
29describes vermiculite a l t er ing to chrysot i le .
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T A B L E g
A N A L Y S I S B Y W . C . M c C R O N E A S S O C I A T E S , C H I C A G O , I L L I N O I S


L e v e l s o f t r e t n o l i t e - a c t i n o l i t e asbe s to s by percent we igh t o f bu lk
saapie s of unexpanded vernicul i te ores. A n a l y s i s by p o l a r i z e d
l i g h t microscopy with d i s p e r s i on s t a in ing .


Date
1 0 / 7 6


l / 7 f
5 / 7 9
6 / 7 9
7 / 7 9


1 / 8 0
6 / 6 0


7 / 8 0


10/80
1/81
6 / 8 1
8 / 8 1


Mean -
S
Range


V i r a i n i e
—


0.65
0.035


0
0.00740.0064Trace0.203 -0.410.04 -0.08**0.013 -0.0260.025 -0.050


0.159 -0.230.0235-0.047
0.031 -0.075
0.115 -0.21
0.36 -0.68
0.195 -0.39
0.105 -0.164
0.172 -0.228
0 - 0 . 6 S


M o n t a n a S o u t h C a r o l i n a
0.063-0.126* 0.051-0.102


— —
T r a c e


— —


0.205-0.41*
0.006-0.112


0.015*


0.072-0.166
0.092-0.170
0.006-041


T h e t r e n o l i t e - a c t i n o l i t e f o u n d i n a s a m p l e o f t h e M o n t a n a o r eand alr.ost al l o f the V i r g i n i a ore was o f the mas s ive v a r i e t y .M u c h c f i t , however, wa s c l eav ed t o f o rr . f r a g m e n t s w i t h a s p e c tr a t i o s of 3:1 or g r e a t e r
• T r e n o l i t e - a c t i n c l i t e p r e s e n t a s a s b e s t i f o r r .• " T h e -100M f r a c t i o n had t r e n - . o l i t e - a c t i n o l i t e p r e s e n t a s asbes-t i f c m .







TABLE 10
£-1973 E X P O S U R E I N D E X


T R I O N I Z I N G
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E x p a n d e r
B l e n d e r
F e e d e r
R e s i n
Dryer
S c r e e n / M i 1 1
T r a c k Area


C l e a n u p


T i m e


.11


.11


.11


.11


.22


.11


.11


.11


.11


.11


X mean 8 hr-TWA ( y r ) = F i b e r / c c / d a y
8.18 ( 7 3 )
0 . 0 1 8 ( 7 7 )
0.017 ( 8 0 )
0.098 ( 7 9 )
0.2 ( 7 3 )
0.109 ( 7 7 )


x .50 x 3.81 ( 7 6 )
x .021 x 130.35 ( 7 6 )
x .479 x 0 . 1 0 9 ( 7 7 )


0.213
T o t a l


0.900
0.002
0.002
0.011
0.044
0.012
0.210
0.301
0.006
0.517*
0.023**
1.511


* A s s o c i a t e s w o r k i n g in the T r a c k Area s p e n t 2.1% of that time e m p t y i n gr a i l cars or t ru ck s o f v e r m i c u l i t e . T e n - m i n u t e c e i l i n g l e v e l s were130.35 f i b e r / c c . 47.9% of the t ime was s p e n t in the S c r e e n / M i l l A r e a .
** C l e a n - u p 8 hr.-TWA was mean of o ther i n d u s t r i a l hygi ene measurements.







T A B L E 11
> 1974 E X P O S U R E INDEX


T R I O N T Z I N G
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Expander


Blender


F e e d e r
Resin
Dryer


S c r e e n / M i l l


T r a c k Area


Clean-up


Time
.11


.11


.11


.11


.22


.11


.11


.11


.11


.11


X mean 8 hr.-TWA
.488


.113


.017


.098


.061


.128


x .50 x 3.81
x .021 x 19.87


x .479 x .128


(yr) =
(76-80)
(77-78)
( 8 0 )
( 7 4 )
(77-79)
(77-78)
( 7 6 )
(77-80)
(77-78)


.053
T o t a l


F i b e r / c c / d a y
0.054


0.012


0.002
0.011
0.013


0.014


0.210
0.046


0.007
0.263*
0.006**
| 0.375 |


*Assoc ia t e s working in the Track Area spent 2.1% of thattime empty ing rail cars or trucks of vermicul i t e . T e n -minute c e i l ing l eve l s were 19.37 f i b e r / c c . 47.9% ofthe time was spent in the S c r e e n / M i l l area.
**Clean-up 8hr.-TWA was mean of other i n d u s t r i a l hygienemeasurements.
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T A B L E 14


< 1973 E X P O S U R E I N D E X


C E N T R A L M A I N T E N A N C E


T i m e x Mean 8 h r . - T W A ( y r ) = F i b e r / c c / d a y
T r i o n i z i n g
O u t s i d e


T r i o n i z i n g


Outs ide


• 2 5 1.511* ( 7 3 ) 0.378
• 7 5 0.049** ( 7 7 ) 0.037


| 0.415 |


> 1974 E X P O S U R E INDEX


C E N T R A L M A I N T E N A N C E
.25 0 . 3 7 5 * ( 7 6 - 0.094


8 0 )
•75 0 . 0 4 9 * * ( 7 7 ) 0.037


I 0.131 |


C a l c u l a t e d exposure index f or t r i o n i z i n g area
**Mean level of f i b e r / c c in area surrounding the main p l a n t .The seed p l a n t , research, and front o f f i c e area wascounted as s imi lar to working o u t s i d e of the p l a n t .
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T A B L E 15


< 1973 E X P O S U R E INDEX


P A C K A G I N G


T i m e x Mean 8 h r - T W A ( y r ) = F i b e r / c c / d a y
1.00 0.25 ( 7 2 - 7 7 ) 0.25


0.25


1.00


> 1974 E X P O S U R E INDEX


P A C K A G I N G
0.031 ( 7 7 - 7 9 ) 0.031


f o T o I F







T A B L E 17
S U M M A R Y E X P O S U R E I N D E X


( f i b e r / c c / d a y )
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T r i o n i z i n g
P o l y f o r m
P a c k a g i n g
Warehou s e
P l a n t Maincenance
Research
Front O f f i c e


P i l o t P l a n t


Centra l Maintenance


<1973
1.511
0.049
0.250
0.110
1.264
0.049
0.049


1.264 (same as p l a n tmain t enance)
0.415


^1974
0.375
0.049
0.031
0.110
0.212
0.049
0.049


0.212


0.131
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opening rail cars in the track area and u n l o a d i n g vermicu-
l i t e generated very high l ev e l s o f f i b e r s . T h i s appear ed
d e p e n d e n t on the source of the vermicul i t e ore. Airborne
f i b e r concentrations unloading Montana ore were substan-
t i a l l y higher than u n l o a d i n g V i r g i n i a or e ( 1 0 2 . 9 f i b e r / c c
5-minute sampl e vs 2.88 f i b e r / c c 5-minute s a m p l e recorded
6 / 8 0 ) . A d d i t i o n a l l y , variation in f i b e r counts occurred
with the same vermicu l i t e source. For e x a m p l e , f i b e r
count while un load ing Montana ore in October 1979 was 4.67
f i b e r / c c measured for a 12-minute period compared to much
higher values pr ev iou s ly . Part of thi s variation may be
due to the longer s a m p l i n g per iod . F i b e r s a m p l i n g for
longer than 5 minutes g e n e r a l l y re sul t ed in lower values.
In order to correct for d i f f e r e n c e s in s a m p l i n g time.
F i g u r e 3 reveals maximum f i b e r l eve l s while un l oad ing rail-
road cars as based on a 15-minute s a m p l i n g time. In general,
f i b e r counts during unloading were higher with Montana ore.


Airborne f i b e r concentrations in the expander area are
i n f l u e n c e d by both the vermicul i t e ore source and the num-
ber of expanders in operation. F i b e r l eve l s increased
dur ing e xpander s tar t-up and with more e xpander s running.
T h i s i s i l l u s t r a t e d in F i g u r e 4. F i g u r e 5 shows values for
e ight ( 8 ) hour T W A f i b e r exposure f o r e xpander opera tor s .
S i g n i f i c a n t r educ t i on s occurred a f t e r 1974. Gravimetr i c
measurements for to ta l airborne dust is l i m i t e d , but gen-
e r a l l y decreased a f t e r 1974 ( F i g u r e 6 ) .
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F i b e r C e i l i n g Level s w h i l e Unloowng Roi lrood Cors


J \


363 J 6 9
1973 I 1974


3 6 9
1975 I


3 6 9
1976


3 6 9
1977 1


3 6 9
1978


3 6 5 3 6 9
1979 I I960


Year (months)


F i g u r e 3
M e a s u r e m e n t o f p e a k c o n c e n t r a t i o n s o f f i b e r s o c c u r r i n g whenu n l o a d i n g r a i l r o a d cars c o n t a i n i n g v e r m i c u l i t e . F i b e r count sa r e d e p i c t e d a s f i b e r / c c f o r a 1 5 - m i n u t e s a m p l i n g t ime .H i g h e s t v a l u e no t shown on F i g u r e wa s 34.3 f i b e r / c c .
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a>a.


G C A Continuous F i b r o u s Aeroso l M o n i t o r ( I 9 6 0 )
E x p o n d e r Area-OneTwoExpander s Expander


Running Running
2 5 r - ' *


r..o


Over
S t a r t i n g 2.5 f i b e r s E x p a n d e r s o f f


\


0 10 15
H o u r s


20


Average f i b e r / c c
0.34


25


F i g u r e 4
E x a m p l e o f record o f measurement o b t a i n e d f r o m G C A c o n t i n u o u sf i b r o u s aerosol m o n i t o r in th e e x p a n d e r area.
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E x p o n d e r Operator (8hr T W A )


1980—1
Year (months)


F i g u r e 5
E i g h t hour T U A p e r s o n a l a i r s a m p l i n g f o r mea sur emen t s o f a i r b o r n ef i b e r e x p o s u r e f o r t h e e x p a n d e r o p e r a t o r s , 1973-1980.







54


T r i o n i z i n g Areo
T o t a l Dust Measurement s ( 8 hour T W A )


A — — e x p a n d e r oreo
o — — d r y e r oreo
o— — b l e n d e r
O- - - f e e d e r oreo


1972 1973 1974 1975 1976 1977 1978
Year


F i g u r e 6
E i g h t hour T W A t o t a l d u s t mea sur ement s i n var iou s l o c a t i o n s i nt h e t r i o n i z i n g area, 1972-1978.
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C H A P T E R V I I


C O M P O S I T I O N O F A I R B O R N E F I B E R S


A n a l y s i s o f the airborne f i b e r s obtained through indus-
trial hygiene s a m p l i n g i s l i m i t e d . In J u n e 1977, W . C .
McCrone A s s o c i a t e s , C h i c a g o , I l l i n o i s ana lyz ed f i b e r s f r o m
3 c o l l e c t i n g f i l t e r s . T h e y reported 1 s ampl e containing
mainly a c t i n o l i t e asbes tos f i b e r s using e lec tron micro-
scopy microprobe analys i s with s e l e c t ed area e l e c t ron d i f -
f r a c t i o n and e lec tron probe techniques. A s b e s t i f o r m f i b e r s
could not be i d e n t i f i e d in the other 2 sample s . In 1979,
O S H A A n a l y t i c a l Laboratory i n S a l t Lake C i t y , U t a h , analyzed
12 f i b e r s f r o m airborne s a m p l e s f r o m the company ( A p p e n d i x
I). F i v e were determined to be in the t r e m o l i t e - a c t i n o l i t e
series using s e l e c t ed area d i f f r a c t i o n m o r p h o l o g y , and
elemental c ompo s i t i on by x-ray d i s p e r s i o n analys i s . F o u r
f i b e r s lacked good x-ray d i s p e r s i o n data but appeared to be
in the t r e m o l i t e - a c t i n o l i t e series; 3 f i b e r s b e longed to the
vermicul i t e group. Other t y p e s o f f i b e r s i d e n t i f i e d during
the 1979 OSHA survey were small amounts of f i b r o u s g l a s s
a n d p l a n t f i b e r s ( S a m p l e A - 1 6 4 7 5 ) . I n A p r i l 1981, N I O S H
analyzed s a m p l e s f r o m 4 c o l l e c t i n g f i l t e r s f o r f i b e r count
u t i l i z i n g phas e contrast microscopy and e l e c tron micro s copy
a n a l y s i s . N I O S H i d e n t i f i e d t r e m o l i t e f i b e r s i n a l l s a m p l e s
( S e e A p p e n d i x I I ) .
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F a c t o r s involved in determining associate exposures to
airborne f i b e r concentration can be summarized as f o l l o w s :
(1) changes in m a n u f a c t u r i n g proce s s; (2) i n s t a l l a t i o n o f
environmental control equ ipment; (3) number o f vermicul i t e
expander s in opera t i on; (4) source of vermicul i te ore;
(5) percentage o f airborne f i b e r s which are a s b e s t i f o r m ;
(6) j ob l o ca t i on; and (7) u s e o f a re spirator in d e s i g n a t e d
areas.
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C H A P T E R V I I I


M E T H O D S U S E D I N C O N D U C T I N G T H E E P I D E M I O L O G I C S T U D Y


The cross-sectional e p i d e m i o l o g i c s tudy was designed to
determine whether there was a greater prevalence of pulmon-
ary abnormali t ie s in those employees exposed to vermiculite
(contaminated with t r e m o l i t e - a c t i n o l i t e ) . Since the prev-
alence of p l e u r a l e f f u s i o n could not be s tud i ed d i r e c t l y ,
it is necessary to examine the working p o p u l a t i o n for the
existence of corroborative evidence of p leural disease.
T h i s inves t igation addressed the prevalence of current
i d e n t i f i e d pleural abnormalities and the prevalence of cer-
tain symptoms such as p l e u r i t i c chest pain. In a d d i t i o n ,
the 12 cases of p l e u r a l e f f u s i o n s were reviewed for p o s s i b l e
e t i o l o g i e s , and evaluated for exi s t ence of common denomina-
tors. Evidence f r o m the medical l i t e ra ture was reviewed to
provide corroborating information.
Questionnaire


All associates were interviewed by trained personnel
using a m o d i f i e d American Thorac i c S o c i e t y Respiratory


32Questionnaire ( A p p e n d i x I I I ) . T h e m a j o r m o d i f i c a t i o n s o f
the quest ionnaire were the inc lu s ion of an extensive review
of previous employment in r e l a t i o n s h i p to a sbe s to s and
other f i b r o u s mineral exposure , que s t ions document ing time
employed within various l o ca t ions in the company f a c i l i t y ,
and a question concerning p l e u r i t i c chest pain.
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S p i r o m e t r y
S p i r o m e t e r s t u d i e s were p e r f o r m e d using an Ohio M e d i c a l -


822 (Pine Brook, New J e r s e y ) dry r o l l i n g seal spirometer
with a S p i r o t e c h 200 microprocessor { S p i r o t e c h , I n c . ,
A t l a n t a , G e o r g i a ) . S p i r o m e t r y was a c c ompl i sh ed according to
the American T h o r a c i c S o c i e t y criteria using trained person-


32nel. Asso c ia t e s were retested at a later date if they had
a re sp iratory i n f e c t i o n within the pr e c ed ing 3 weeks. I n d i -
vidua l s t e s t ed were s tud i ed seated and wearing a no s e c l ip .
All f o r c ed exp ira tory maneuvers were repeated until there
were at least 2 acc ep tab l e t e s t s within 5 percent of each
other. All r e su l t s were temperature corrected to BTPS.
T e s t s p e r f o r m e d were f o r c e d vital capac i ty ( F V C ) ; f o r c e d
exp ira tory volume in one second ( F E V - 1 ) ; ration of f orc ed
expiratory volume in one second ( F E V - 1 ) to F V C , expressed as
per c en tage ( F E V - 1 / F V C % ) ; a n d f o r c e d exp ira tory f l o w during
t h e m i d d l e h a l f o f t h e FVC ( F E F 2 5 - 7 5 ) . Resul t wa s e xpre s s ed
as perc en tage of p r e d i c t e d normal values using the normal
values of Knudson and co-workers. 33


Lung D i f f u s i n g C a p a c i t y o f Carbon M o n o x i d e
S i n g l e breath carbon monoxide d i f f u s i n g capac i ty ( D L C Q s b )


alveolar volume ( V A ) , and D L / V A were p e r f o r m e d using a
C o l l i n s M o d u l a r Lung A n a l y z e r ( W a r r e n E . C o l l i n s C o . ,
Braintree , M a s s . ) . A l l d i f f u s i o n measurements were conduc f-
t ed according to American T h o r a c i c S o c i e t y cr i t er ia using
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32trained technicians . H e i g h t was measured to the nearest
inch without shoes. A s s o c i a t e s are retested later if they
had a r e sp ira tory i n f e c t i o n within the p r e c e d i n g 3 weeks or
smoked within 1 hour prior to t e s t i n g . T e s t s were accomp-
l i shed in a s i t t i n g po s i t i on with a no s e c l ip . Repeat t e s t s
were p e r f o r m e d a f t e r a minimum of a 5-minute wait. D i f f u s i o n
s tud i e s were accepted only if the inspired volume (Vi) was
within 10 percent o f the best FVC (ATPS). A c c e p t a b l e breath-
h o l d i n g time was between 8 to 12 seconds. V a l u e of DLcosb
(ml CO [STPDJ/min/mmHg) and DL/VA (ml CO [ S T P D ] / m i n / m m H g / L
[BTPS]) used were the means of 2 a c c ep tab l e values within 7%


of each other. DLcosb was expressed as a percentage of pre-
di c t ed normal values using the p r e d i c t e d normals of Samet


34and co-workers:
Dsb ( m a l e s ) « 19.93 + 0.250 Ht. inches - .177 age
Dsb ( f e m a l e s ) = 7.72 + 0.284 Ht. inches - .117 age
The spirometer was calibrated using a 2 l i t e r syringe


for volume and a s t opwa t ch for time at the beginning of each
day and a f t e r 3 hours dur ing use. A slow (5-7 s e c o n d ) and
f a s t 1-2 s e cond) volume test was used when cal ibrat ing. The
d i f f u s i o n carbon monoxide analyzer and helium meter were
checked d a i l y and every 3 hours during use.
Chest X rays


Chest r a d i o g r a p h s were taken in the po s t eroanter ior pro-
j e c t i o n at a local h o s p i t a l . A c c e p t a b l e X rays were those
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obtained within 1 year. Two Board c e r t i f i e d r a d i o l o g i s t s (B
r e a d e r s ) us ing t h e I L O / U C in t ernat ional c l a s s i f i c a t i o n f o r
pneumoconiosi s reviewed all chest X rays ( s e e x-ray f o r m in
A p p e n d i x I V ) . Radiograph s were in t e rpr e t ed i n d e p e n d e n t l y


s


with random interspers ion of control f i l m s and without the
r a d i o l o g i s t ' s knowledge o f a s s o c i a t e ' s work his tory. A n y
d i f f e r e n c e in i n t e r p r e t a t i o n was resolved by a third "B"
reader. F i l m s which could not be in t e rpr e t ed because of
poor qua l i ty were r e p e a t e d . " S i g n i f i c a n t x-ray change" in
thi s report is d e f i n e d as C a t e g o r y 1 or more small o p a c i t i e s ;
Grade 1 or more p l eura l th i ckening involving the wall and
d i a p h r a g m s i t e s ; Cat egory 1 p l eura l p l a g u e s ; a n d / o r Grade 1
p l e u r a l c a l c i f i c a t i o n . The head ing "cos tophrenic angle"
(CPA) is d e f i n e d as co s tophrenic angl e changes only. "No
x-ray change" r e f e r s to chest X rays which did not exhibit
pleural or parenchymal changes.
Physi ca l Examination


A l imited physical examination was p e r f o r m e d on each
as soc ia t e f o r i d e n t i f y i n g t h e presence o f l a t e i n s p i r a t o r y
rale s ( c r a c k l e s ) in 4 d i f f e r e n t chest l o ca t i on s and for the
pre s ence of nail c lubb ing . Exams were p e r f o r m e d by a phys i -
cian or trained nurse.
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I n d i c i e s of Exposure to vermiculi te
I n d u s t r i a l hygiene d a t a was expres sed as cumulative


f i b e r exposure ( f i b e r / c c / y r ) , time period from f i r s t exposure
to vermiculite ( l a t e n c y ) , and job po s i t i ons . The l a t t e r was
div ided into no vermiculite exposure ( G r o u p I), l ow vermic-
ul i t e exposure (Group I I ) , a n d high vermiculite exposure
( G r o u p I I I ) .


Cumulative f i b e r exposure was expressed in f i b e r / c c / y r
and was ca l cu la t ed f r o m previous ly obtained exposure values
and l e n g t h of employment in each par t i cu lar department . Such
data was obtained for each employee interviewed. The resul-
tant exposure index is based on an 8 h r . - T W A 365-day work
year. U s i n g this method, employee s with l e s s than 1 fiber/
cc/yr exposure were considered to be no d i f f e r e n t than the
community p o p u l a t i o n and acted as controls .


Determination of la tency ( t i m e ) since f i r s t exposure to
vermiculite was based on employment in the low or high
vermicul i t e exposure job p o s i t i o n s at any one time.


H i g h vermiculite exposure job po s i t i on s were: trioniz-
i n g ( T ) , p i l o t p l a n t ( P P ) , a n d p l a n t maintenance ( P M ) . L o w
vermiculi te j o b po s i t i on s were: central maintenance ( C M ) ,
warehouse ( W ) a n d p a c k a g i n g ( P ) . Contro l p o s i t i o n s with n o
vermicul i t e exposure above background l eve l s were: research
( R ) , f r o n t o f f i c e ( F O ) , a n d p o l y f o r m ( P F ) . A l l j o b p o s i t i o n s
were d iv ided into one of three groups:
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Group I - Contro l with no previous vermicu l i t eexposure.
Group II - Low exposure to vermiculite.W o r k i n g in central maintenance, warehouseor pa ckag ing and never in Group III j o b s .
Group I I I - H i g h exposure t o vermiculite.W o r k i n g in t r i o n i z i n g , p l a n t maintenanceor p i l o t p l a n t .
Job p o s i t i o n s were evaluated using those ever employed


i n Group I I I j o b s v s . those never employed i n G r o u p I I I o r
G r o u p I I j o b s . Group s I I I a n d I I were used t og e th e r v s .
Group I where noted.
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C H A P T E R I X
S T A T I S T I C A L M E T H O D


A n a l y s i s of variance was used to compare mean age and
mean pack years among job category groups and among job
category groups within smoking groups.


The questionnaire data were examined in bar graph f o r m
and grouped by category. W i t h i n job groups , a separate bar
is given for each smoking group ( i . e . , never, ex, or current
smoker).


S p i r o m e t r y and d i f f u s i o n da ta were analyzed using anal-
ysis of co-variance a f t e r a d j u s t i n g for height and smoking
in pack years. A d j u s t e d means were compared between cumu-
la t ive exposure group s , between job category g r o u p s , and
between l a t e n c y groups . The sp irometry and d i f f u s i o n da ta
were reanalyzed using analyse s of co-variance using smoking
group (i . e . , never, ex, or current smoker) and job category
groups . Mean d i f f e r e n c e between smoking groups and between
job category groups within smoking groups were analyzed
a f t e r a d j u s t m e n t f or age and h e i g h t . The above analy s e s
were r e p e a t e d , s u b s t i t u t i n g cumulative exposure group ( i . e . ,
c o n t r o l , 1-10 f i b e r / c c / y r , >10 f i b e r / c c / y r ) in p l a c e of job
category group.


A s s o c i a t i o n s between the r a d i o g r a p h i c da ta and expo sure
were examined using a pair matched analys i s . Each worker
who had a p o s i t i v e X ray ( e i t h e r s i g n i f i c a n t x-ray change or
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CPA) were matched by age wi th another worker who did not
have a p o s i t i v e X ray. A paired t-tes t was then p e r f o r m e d
on the d i f f e r e n c e in cumulat ive years of exposure. Because
the cumulat ive exposure data were not normal ly d i s t r i b u t e d
and could not be s i m p l y t r a n s f o r m e d to n o r m a l i t y , a non-
parametr i c t e s t , the W i l c o x o n S i g n - R a n k test was p e r f o r m e d .
The test is the nOnparametric equivalent of the paired t-
t e s t , and does not d epend on the d i s t r i b u t i o n of the data.


Discriminant analyse s were p e r f o r m e d on questionnaire
data as well as on c lubb ing , crackles and x-ray r e su l t s .
The d i s cr iminant analy s i s a t t e m p t s t o e s t a b l i s h re la t ion-
s h i p s between a nominal d e p e n d e n t variable ( e . g . x-ray
r e s u l t ) which d e f i n e s 2 p o p u l a t i o n s ( e . g . p o s i t i v e vs . nega-
tive x-ray r e s u l t s ) , and indep enden t variable s ( f i b e r / c c / y r
exposure, smoking in pack years and a g e ) . The d i s cr iminant
procedure used in thi s ana ly s i s is a s t e p w i s e d i s cr iminant
procedure which a d d s i n d e p e n d e n t variable s to the di scrim-
inant equation one at a time, with that variable which is
not a l r e a d y in the equation, which most s i g n i f i c a n t l y
increases t h e f u n c t i o n ' s "d i s cr iminatory power," ( i . e . t h e
a b i l i t y to s epara t e the 2 g r o u p s ) being a d d e d . W h e n none of
the i n d e p e n d e n t variab l e s not a l r e a d y in the equation can
s i g n i f i c a n t l y add to the "d i s c r imina t ory power" of the
f u n c t i o n , t h e s t e p p i n g procedure ends. I n s i m p l e terms, t h e
d i s c r i m i n a t e f u n c t i o n f i n d s t h e subset o f t h e i n d e p e n d e n t
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variab l e s which best d i f f e r e n t i a t e s ( d i s c r i m i n a t e s b e tween)
the groups.


In the ana ly s i s pr e s en t ed here for ques t ionnaire , phys-
ical examination and x-ray r e s u l t s , a p-value r epor t ed for a
given variable corre sponds to an F s t a t i s t i c computed f r o m a
one-way a n a l y s i s of variance on the groups a f t e r a d j u s t i n g
for the other variable s in the model . If only one variable
is inc luded in the f u n c t i o n , thi s ind i ca t e s that the other
variable s did not e x p l a i n a s i g n i f i c a n t amount of variation
between group s . The r e su l t s of d i s cr iminant ana ly s i s are
pre s en t ed as p-values at the bot tom of the c orr e spond ing bar
graph. For e x a m p l e , p e r c e n t a g e o f workers r e p o r t i n g emphy-
sema is pre s ented by smoking h i s t ory categorie s within each
j o b . c a t e g o r y group. T h e c orr e spond ing d i s cr iminant f u n c t i o n
inc luded age ( p < . 0 5 ) and pack-years (p < . l ) a s s i g n i f i c a n t
d i s c r imina t i on variable s . For e x a m p l e , cumulative exposure
to vermicul i t e in f i b e r / c c / y r did not s i g n i f i c a n t l y add to
the d i s c r imina t i on between the group of workers who reported
emphysema and those who did not, a f t e r pack-years and age
were a l r e a d y entered in the equation ( F i g u r e 7).


The m a j o r a s s u m p t i o n about the da ta in d i s c r iminant
a n a l y s i s is that the independent variables should be normal-
ly d i s t r i b u t e d . The presence of o u t l i e r s , i.e., cases whose
measurements a r e s i g n i f i c a n t l y d i f f e r e n t f r o m their g r o u p ' s
means, can s e r i ou s ly a f f e c t the r e su l t s o f the ana ly s i s .
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Prevalence of Emphysema
H—OoocCD


CO
CD


Q!


sCO
CD(0
£a.ELU


5
4
3
2
1


•
—
—
—
- 0.9 1.3


49 22 41
NS EX CS


G r o u p I
63 36 107
NS EX CS


G r o u p I I
69 46 79
NS EX CS


G r o u p I I I


F i g u r e 7
P e r c e n t a g e of workers r e p o r t i n g emphysema by job ca t egory and bys m o k i n g h i s t o r y . D i s c r i m i n a n t a n a l y s i s i n d i c a t e s a s i g n i f i c a n tp o s i t i v e a s s o c i a t i o n between a g e ( p < . 0 5 ) , p a c k years ( p < . l ) a n demphysema.
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T h e r e f o r e , r e s u l t s of the d i s cr iminant ana ly s e s used in thi s
report should only be used as s u p p o r t i n g evidence of t r e n d s ,
and p-values should only be thought of as an approximate
measure of the s t r e n g t h of a s soc iat ion. In this r egard , p-
values f r o m di s cr iminant analy s e s are pre s en t ed only at the
0.1 level or the .05 l e v e l , a l t h o u g h the .05 level reported
may be much higher than the actual value of s i g n i f i c a n c e for/


the F s t a t i s t i c in a given a n a l y s i s . An a l t e r n a t i v e approach
would be to remove ou t l i e r s f r o m the da ta s e t , and rerun the
ana ly s i s . T h i s a p p r o a c h is not f e a s i b l e when there is a
very small number of ob servat ions , e.g. 22 p o s i t i v e X rays.
T h e r e are other a l t ernat ive approache s to h a n d l i n g the prob-
lem of nonnormality in dri s cr iminant ana ly s e s , but none are
truly s a t i s f a c t o r y . The discriminant analyses should only
be used as an aid to indicate that a s soc ia t ions may exist
indep enden t of the c o n f o u n d i n g e f f e c t s o f age or smoking.
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C H A P T E R X


R E S U L T S O F T H E S T U D Y


D e s c r i p t i o n o f t h e P o p u l a t i o n
The s t udy p o p u l a t i o n inc luded a l l a s s o c ia t e s wi th his-


tory of vermicul i t e dust exposure and a control group of
a s soc iate s without such exposure. T h e r e were a total of 530
associate s asked to p a r t i c i p a t e in the s tudy; 9 r e f u s e d and
8 were not avai lable because of vacation or i l l n e s s , giving
a t o ta l of 513 employee s interviewed. T a b l e 18 l i s t s the
number of e m p l o y e e s examined in each job category.


The average age of the p a r t i c i p a n t s in the s tudy was
37.5 years, ranging f r o m 19 to 66 years. A n a l y s i s of ethnic
d i s t r i b u t i o n revealed 497 ( 9 6 . 8 8 % ) were whi t e , 12 ( 2 . 3 4 % )
were b lack , 2 ( . 3 9 % ) were o r i e n t a l , 1 ( . 2 0 % ) was American
I n d i a n , and 1 ( . 2 0 % ) was S p a n i s h - b o r n American. Of the
entire group, 44.44% were current smokers, 20.27% were ex-
smokers, and 35.28% never smoked. A p o s i t i v e response to
smoking was c i g a r e t t e s , p i p e or cigar smoking with
i n h a l a t i o n .
Quest ionnaire Data


The que s t ionnaire d a t a i n c l u d e d i n f o r m a t i o n on a l l inter-
viewed a s s o c i a t ed (n = 5 1 3 ) . The d i s t r i b u t i o n o f age ,
e m p l o y m e n t d u r a t i o n , smoking h i s t ory in pack-year s , and cum-
u l a t i v e expo sure g r o u p , and l a t e n c y since f i r s t expo sure i s







T A B L E 18
P R E S E N T J O B C A T E G O R Y( p e r s o n s in t ervi ewed)
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AREA N U M B E R
T r i o n i z i n g 48
P l a n t Maintenance* 87
Packaging 86
Warehouse 98
Central Maintenance 12
All other job s** 182


* I n c l u d e s p i l o t p l a n t
* * I n c l u d e s research, f r on t o f f i c eand p o l y f o r m
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summarized in T a b l e s 19-21. The s t a t i s t i c a l a n a l y s i s o f
thi s da ta is in c lud ed with the t ab l e s .


T a b l e 19 p r e s e n t s da ta on age, dura t i on of e m p l o y m e n t ,
c i g a r e t t e smoking in pack-years , and f i b e r exposure. T h e r e
were 3 groups: I - control or background exposure; II - low
f i b e r exposure; a n d I I I - h igh f i b e r exposure. T h e r e were
112 a s soc ia t e s in Group I, 206 in Group II, and 194 in
Group I I I . A s s o c i a t e s i n t h e high f i b e r exposure G r o u p I I I
tended to be somewhat o ld e r than the other two exposure
groups ( p < .01).


T a b l e 20 shows s imilar i n f o r m a t i o n , but according to
actual cumulat ive f i b e r exposure.


T a b l e 21 shows d a t a according to l a t ency or time f r o m
beginning o f vermicul i t e exposure. Because o f p o s s i b l e
e f f e c t o f age, ques t ionnaire data was analyzed with cumula-
tive exposure ( f i b e r / c c / y r ) , age ( y r ) , and smoking (in pack-
year s) as p o s s i b l e e x p l a n a t o r y variable s for the symptoms.
S t a t i s t i c a l a n a l y s i s involved using d i s cr iminant f u n c t i o n a s
de s cr ibed p r e v i o u s l y .


H i s t o r y o f r e s p i r a t o r y i l l n e s s with p h l e g m p r o d u c t i o n
r e s u l t i n g in los t time of f work, and h i s t ory of pneumonia
c o n f i r m e d by a p h y s i c i a n are shown in F i g u r e s 8 and 9. T h e r e
was no s t a t i s t i c a l l y s i g n i f i c a n t a s s o c ia t i on between vermic-
u l i t e exposure and these i l l n e s s e s when a n a l y z e d by di s cr im-
inate a n a l y s i s . T h e r e was no d i f f e r e n c e on the p r e v a l e n c e







TABLE 19
A G E , E M P L O Y M F N T D U R A T I O N , S M O K I N G H I S T O R Y , A N D


C U M U L A T I V E E X P O S U R E , B Y J O B C A T E G O R Y


Number ofA s s o c i a t e s
A g e ( y r )
Mean
SE
Y e a r s at Co.
Mean
S E
Pack-years
M e a n
SE
F i b e r / c c / y r
Mean
SE


I
N S


49


33.8
1.7


6.6
1.1


0


0.35
0.67


EX


22


39.5
2.5


11.3
1.6


13.1
2.9


0.57
1.01


CS


41


39.1
1.8


10.5
1.2


18.6
2.1


0.50
0.74


I I
N S


63


34.5
1.5


8.4
1.0


0


1.15
0.60


EX


36


39.9
2.0


13.3
1.3


14.2
2.3


1.56
0.79


CS


107 •


34.9
1.1


8.9
0.7


18.7
1.3


0.97
0.46


I I I
N S


69


40.2
1.4


12.2
0.9


0


6.51
0.57


EX


46


42.8
1.7


13.0
1.1


14.3
2.0


7.55
0.70


CS


79


37.5
1.3


•


10.7
0.9


17.8
1.5


6.05
0.53
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TABLE 19 cont.
J O B C A T E G O R Y


A g e - S i g n i f i c a n t d i f f e r e n c e ( p <.01) between J o b C a t e g o r y I I a n d I I I
- S i g n i f i c a n t d i f f e r e n c e (p <.01<) between NS and EX
- S i g n i f i c a n t d i f f e r e n c e (p <,05) between CS and EX


Exposure years - S i g n i f i c a n t d i f f e r e n c e ( p <.0001) between J o b C a t e g o r y I I I
a n d both J o b C a t e g o r i e s I a n d I I


Y e a r s at Co. - S i g n i f i c a n t d i f f e r e n c e (p <.001) between NS and EX
S i g n i f i c a n t d i f f e r e n c e ( p <-05) between J o b C a t e g o r i e s
I I a n d I I I
S i g n i f i c a n t d i f f e r e n c e ( p <.01) between J o b C a t e g o r i e s
I a n d I I I


D e f i n i t i o n s o f A b b r e v i a t i o n s
NS * N e v e r smoked
EX » Exsmoker
CS « Current smoker


I - No v e r m i c u l i t e exposure
I I * L o w v e r m i c u l i t e e xpo sur e


I I I • H i g h v e r m i c u l i t e e xpo sur e







TABLE 20
A G E , E M P L O Y M E N T D U R A T I O N , S M O K I N G H I S T O R Y , A N D


C U M U L A T I V E E X P O S U R E B Y C U M U L A T I V E E X P O S U R E G R O U P S


N u m b e r o fA s s o c i a t e s
A g e ( y r )
Mean
S E
Y e a r s at Co.
M e a n
SE
P a c k - y e a r s
M e a n
SE
F i b e r / c c / y r
Mean
S E


C o n t r o l


N S


98


29.7
1.0


4.6
0.6


0


0.33
0.24


EX


35


31.9
1.7


5.6
1.0


8.7
2.2


0.33
0.41


CS


124


32.3
0.9


5.2
0.5


13.9
1.2


0.41
0.22


1-10 f i b e r / c c / y r
N S


66


42.5
1.2


13.9
0.7


0


3.31
0.30


EX


55


43.9
1.3


15.2
0.8


1 6 . f i
1.8


2.88
0.33


CS


86


40.8
1.1


14.4
0.6


23.7
1.4


2.73
0.26


>10 f i b e r / c c / y r


N S


17


52.3
2.4


19.1
1.4


0


16.99
0.59


EX


14


53.2
2.7


20.2
1.5


17.4
3.5


17.60
0.65


CS


17


46.3
• 2.4


19.7
1.4


24.7
3.1


18.64
0.59


00
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TABLE 20 cont.
E X P O S U R E G R O U P


Age - S i g n i f i c a n t d i f f e r e n c e between EX and CS (p <.05).
S i g n i f i c a n t d i f f e r e n c e between a l l three e xpo suregroup s ( p <.0001).


Exposure - years - S i g n i f i c a n t d i f f e r e n c e between a l l threeexpo sure g r o u p s ( p <.001).


Y e a r s a t c o m p a n y - S i g n i f i c a n t d i f f e r e n c e between a l l threeexpo sure g r o u p s ( p <.0001).


Pack-years - S i g n i f i c a n t d i f f e r e n c e between exposure g r o u p s I andI I ( p <.0001).
S i g n i f i c a n t d i f f e r e n c e between expo sure groups I a n d I I I(p <.







TABLE 21


A G E , E M P L O Y M E N T D U R A T I O N , S M O K I N G H I S T O R Y , A N D C U M U L A T I V E E X P O S U R E B Y L A T E N C Y


L a t e n c yyears


N u m b e r o fA s s o c i a t e s
A g e ( y r )
Mean
S E
Y e a r s
Mean
SE
Pack-year s
M e a n
S E
F l b e r / c c / y r
M e a n
SE


0
U S


49


33.8
1.4


6.6
0.8


0


0.4
0.5


EX


22


39.5
2.1


11.3
1.2


13.1
2.5


0.6
0.7


C S


41


39.1
1.5


10.5
0.9


18.6
1.9


0.5
0.5


N S


22


31.3
2.1


5.9
1.2


0


1.0
0.7


1-4
EX


15


34.3
2.5


6.9
1.5


8.1
3.1


1.2
0.9


CS


37


30.7
1.6


5.0
0.9


10.0
2.0


1.0
0.6


5-9
N S


15


36.0
2.5


9.9
1.5


0


3.7
0.9


EX •


5


35.1
4.4


10.0
2.6


22.7
5.3


2.7
1.5


CS


13


36.7
2.7


10.3
1.6


16.8
3.3


3.6
1.0


N S


17


46.4
2.4


14.2
1.4


0


8.3
0.8


10-14
EX


16


46.0
2.4


12.9
1.4


15.5
3.0


8.1
0.9


CS'


15


42.8
2.5


13.4
1.5


23.7
3.1


9.6
0.9


15-19
N S


7


46.3
3.7


20.1
2.2


— — —
0


10.8
1.3


EX


5


50.9
4.4


19.8
2.6


17.7
5.3


15.5
1.5


CS


3


e.7.3
5.7


20.3
3.3


21.4
6.9


17.5
2.0


20+
N S


8


54.0
3.5


22.4
2.0


0


19.2
1.2


EX


5


57.6
4.4


27.8
2.6


17.7
5.3


21.9
1.5


CS


11


51.4
3.0


24.1
1.7


36.1
3-. 6


18.1
1.0


-otn
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TABLE 2) cont.
L A T E N C Y


No s i g n i f i c a n t d i f f e r e n c e by smoking group (ex c ep t f orp a c k - y e a r s ) .


Y e a r s at S c o t t :
S i g n i f i c a n t d i f f e r e n c e


••


between 0 and 1 ,3 ,4 ,51 and 21 and 3 ,4 ,52 and 32 and 4,53 and 43 and 54 and 5


(P '(P '(P '(P '(P '(P '(P •(P •


c . O O O l )c . O O l )c . O O O l )c . 0 5 )c . O O O l )c . O O l )c . O O O l )c . 0 5 )


Pack-years:
S i g n i f i c a n t d i f f e r e n c e between 0 and 1 ,5 (p < . O S )1 a n d 2 , 3 , 4 ( p < . O S )1 and 5 (p <.0001)


Exposure years:
S i g n i f i c a n t d i f f e r e n c e between 0 a n d 2 , 3 , 4 , 5 ( p <.0001)1 and 2 (p <.01)1 and 3 , 4 , 5 (p <.0001)2 , 3 , 4 , 5 a l l s i g n i f i c a n td i f f e r e n c e s f r o m eachother ( p <.CC01


A g e :
S i g n i f i c a n t d i f f e r e n c e between 0 and 1 ,40 and 3,51 and 3 , 4 , 52 and 3,42 and 53 and 5


(P( p( p( p( p( p


.001), 0 0 0 1 ), 0 0 0 1 ), 0 0 1 ), 0 0 0 1 )
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H I S T O R Y O F L O S T W O R K F R O M C H E S T
I L L N E S S W I T H P H L E G M P R O D U C T I O N


25%
20%
15%
10%


5%


N
N S
49


EX
22


CS
41


G r o u p I
N S
63


EX
36


CS
107


N S
69


EX
46


CS
79


G r o u p I I
J o b C a t e g o r y


G r o u p I I I


F i g u r e 8
P e r c e n t a g e of workers r e p o r t i n g time l o s t f r o m work due to a chesti l l S e s s w i t h p h l e g m p r o d u c t i o n b y j o b ca t egory a n d c i g a r e t t e smok-
i n g h i s t o r y .







78


H I S T O R Y O F P N E U M O N I A


20%
15%
10%


5%


NS EX CS NS EX CS NS EX CS
N 49 22 41 63 36 107 69 46 79


G r o u p I G r o u p I I
J o b C a t e g o r y


G r o u p I I I


F i g u r e 9
H i s t o r y of pneumonia - p e r c e n t a g e of workers r e p o r t i n g pneumonia byj o b c a t e g o r y a n d b y c i g a r e t t e s m o k i n g h i s t o r y . D i s c r i m i n a n t a n a l y s i si n d i c a t e s a s i g n i f i c a n t p o s i t i v e a s s o c i a t i o n between a g e a n d p n e u m o n i a
( p < . 0 5 ) .
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of chest i n j u r i e s or chest opera t i on s between no, low and
high vermicu l i t e exposure group s ( F i g u r e 1 0 ) . H i s t o r i c a l l y ,
no d i f f e r e n c e s were noted for exposures to t a l c , g r a p h i t e ,
f i b r o u s g l a s s , mineral wool , ceramic f i b e r , f u l l e r ' s earth,
mica and p e r l i t e .


The prevalence o f chronic bronchi t i s symptoms (cough
and p h l e g m p r o d u c t i o n ) in the no, low and high vermicul i t e
exposure groups by smoking categories are summarized in
F i g u r e s 11 and 12. Chronic cough was d e f i n e d as cough 4-6
t i m e s / d a y , £ 4 d a y s / w e e k for 3 consecutive months for at
l eas t 2 years. Chronic p h l e g m was d e f i n e d as excessive
sputum p r o d u c t i o n at l eas t 2 times day i 4 d a y s / w e e k for 3
consecutive months > 2 years without a current history of
chronic bronchit i s c o n f i r m e d by a phy s i c ian . T h e r e were no
d i f f e r e n c e s in chronic cough in the 3 exposure group s . The
prevalence of chronic cough was s i g n i f i c a n t l y greater in
current smokers. Discriminant a n a l y s i s ind i ca t ed a s i g n i f i -
cant po s i t iv e association between smoking and chronic cough


(p < . 0 5 ) . T h e r e was no obvious a d d i t i v e e f f e c t o f ciga-
r e t t e s and vermicu l i t e dust exposure ( F i g u r e 1 1 ) .


The preval ence o f chronic p h l e g m p r o d u c t i o n was greater
in current smokers, p a r t i c u l a r l y in the high vermicu l i t e
exposure group. The prevalence of p h l e g m produc t i on was
h i g h e s t i n t h e G r o u p I I I h igh e x p o s u r e , current smoker group
compared t o t h e n o n e x p o s e d , current smoker G r o u p I;
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H I S T O R Y O F C H E S T I N J U R Y O R O P E R A T I O N


25%
20%
15%
10%


5%


N S E X C S
N 49 22 41


G r o u p I
NS EX CS
63 36 107


G r o u p I I
J o b C a t e g o r y


NS EX cs
69 46 79


G r o u p I I I


F i g u r e 10
P e r c e n t a g e o f workers r e p o r t i n g a h i s t o r y o f ches t i n j u r y or aches t o p e r a t i o n by job c a t e g o r y and by c i g a r e t t e s m o k i n g h i s t o r y .
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H I S T O R Y O F C H R O N I C C O U G H
25%
20%
15%
10%


5%


NS EX CS
N 49 22 41


G r o u p I
NS EX CS
63 36 107


G r o u p I I
J o b C a t e g o r y


NS EX cs
69 46 79


G r o u p I I I


F i g u r e 11
P e r c e n t a g e o f workers r e p o r t i n g c h r o n i c cough by job c a t e g o r y andby c i g a r e t t e s m o k i n g h i s t o r y . D i s c r i m i n a n t a n a l y s i s i n d i c a t e s as i g n i f i c a n t p o s i t i v e a s s o c i a t i o n between s m o k i n g a n d chronic cough( p < . 0 5 ) .
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s u g g e s t i n g p o s s i b l e a d d i t i v e e f f e c t o f vermicul i t e exposure
and c igare t t e smoking ( F i g u r e 1 2 ) . However , when analyzed
by discriminant analys e s , there was no s t a t i s t i c a l l y signi-
f i c a n t as sociation between smoking, vermicul i te exposure and
chronic produc t i on of p h l e g m .


The da ta on prevalence of wheezing or w h i s t l i n g with
c o l d s are summarized in F i g u r e 13. W h e e z i n g during c o ld s is
d e f i n e d as ever having wheezing when a cold was present for
2 years or more in the absence of any other wheezing symp-
toms or current his tory of asthma conf irmed by a physic ian.
The prevalence of wheezing with a cold was higher in the
high vermiculi te e x p o s e d , nonsmoking group compared to the
other exposure groups . There was a d i f f e r e n c e between
smokers (current and exsmokers) and nonsmokers in the low
and no exposure g r o u p s , but no apparen t d i f f e r e n c e in the
high exposure group. T h i s d i f f e r e n c e sugge s t s c igare t t e
smoking may mask any p o s s i b l e airway e f f e c t f r om high vermic-
u l i t e exposure. The masking e f f e c t o f c i g a r e t t e smoking on
indus tr ia l bronchit i s f r o m various mineral d u s t s has been
documented previous ly. '


The prevalence of wheezing or w h i s t l i n g apart f r o m
c o l d s present for 2 years or more, and without a s s o c i a t e d ,
shortness of breath with wheezing or current history of
asthma con f i rmed by a phy s i c i an are summarized in F i g u r e 14.
The prevalence is higher in high vermicul i t e e x p o s e d , non-
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H I S T O R Y O F P H L E G M P R O D U C T I O N
25%
20%
15%
10%


5% nr-i
NS EX CS


N 49 22 41
G r o u p I


NS EX CS
63 36 107


G r o u p I I
J o b C a t e g o r y


NS EX cs
69 46 79


G r o u p H I


F i g u r e 12
H i s t o r y o f p h l e g m p r o d u c t i o n - p e r c e n t a g e o f workers r e p o r t i n gp r o d u c t i o n o f p h l e g m b y j o b ca t egory a n d c i g a r e t t e s m o k i n gh i s t o r y .
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smoking workers compared to nonsmoking per s onne l . Discrim-
inant analy s i s indicated a s i g n i f i c a n t p o s i t i v e as soc iat ion
between the presence of smoking and wheezing (p < . 0 5 ) .


The data on the prevalence of two or more at tacks of
shortnes s of breath with wheez ing , without a current h i s tory
of asthma c o n f i r m e d by a p h y s i c i a n is shown in F i g u r e 15.
The prevalence of shortness of breath with wheeze was higher
in the high vermiculite exposure/ nonsmoking group compared
to the no expo sure/ nonsmoking group. Current smokers
reported a higher prevalence than nonsmokers in the no and
high exposure group s . Discriminant a n a l y s i s indicat ed a
s i g n i f i c a n t po s i t iv e as soc iat ion between both smoking ( p < . 0 5 )
and cumulative f i b e r exposure ( p < 0 . 1 ) and the presence of
shortness of breath wtih wheezing.


The d a t a on prevalence of shortnes s of breath ( G r a d e 1,
shortnes s of breath when hurrying on the level or wa lk ing up
a s l i g h t h i l l ; Grade 2, walk slower than persons of your age
on the level because of b r e a t h l e s s n e s s ) are summarized in
F i g u r e 16 and T a b l e s 21a and b. The prevalence of Grade 1
and 2 shor tne s s o f breath was h ighe s t in Group III, the
high f i b e r expo sure group o f a l l smoking categorie s . Current
smokers had a higher prevalence than nonsmokers in all expo-
sure groups . T h i s data sugge s t s an a d d i t i v e e f f e c t o f ciga-
smoking and vermicu l i t e exposure on the development of
shor tne s s of breath. Discr iminant a n a l y s i s revealed a
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S Y M P T O M S O F S O B W I T H W H E E Z I N G
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F i g u r e 15
P e r c e n t a g e o f workers r e p o r t i n g s h o r t n e s s o f brea th w i t h w h e e z i n gby j ob c a t e g o r y and c i g a r e t t e s m o k i n g h i s t o r y . D i s c r i m i n a n ta n a l y s i s i n d i c a t e s a s i g n i f i c a n t p o s i t i v e a s s o c i a t i o n betweens m o k i n g ( p < . 0 5 ) a n d c u m u l a t i v e d u s t e x p o s u r e ( p < . l ) a n d s h o r t n e s so f b r ea th .







88


P R E V A L E N C E O F S H O R T N E S S O F B R E A T H
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F i g u r e 16
P e r c e n t a g e o f workers r e p o r t i n g d y s p n e a by j ob c a t e g o r y and c i g a r e t t es m o k i n g h i s t o r y ( g r a d e 1 i s s h o r t n e s s o f b r ea th when h u r r i n g on l e v e lo r w a l k i n g u p a s l i g h t h i l l ; g r a d e 2 i s w a l k i n g s l o w e r than p e r s o n s o fown age on l e v e l because o f s h o r t n e s s o f b r e a t h ) . D i s c r i m i n a n t a n a l y s i si n d i c a t e s a s i g n i f i c a n t p o s i t i v e a s s o c i a t i o n between d y s p n e a a n ds m o k i n g a n d c u m u l a t i v e e x p o s u r e ( b o t h p < .05).
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T A B L E 21a
C L I N I C A L A N D P H Y S I O L O G I C P A R A M E T E R S I N S U B J E C T S W I T H D Y S P N E A


D y s p n e a G r a d e 1


Number
Abnormal CXR
C l u b b i n g
C r a c k l e s
FEV, <80%
FVC <80%


<70%
<80%


DyspneaGrade 1 Only
22


2
1
1
2
1
3


12


D y s p n e aGrade 2 Onlv
6
0
1
0
0
0
1
2


W i t h S h o r t n e s s o f Breathand W h e e z i n g
9
2
0
1
1
0
1
8


D L C O s b < 8 ° *


Dyspnea Grade 2 withS h o r t n e s s of Breath andW h e e z i n a
S h o r t n e s s o f BreathwithW h e e z i n g Only


N u m b e r
Abnormal CXR
C l u b b i n g
Crack l e s
FEV, <80%
FVC <80%
F E V j / F V C <70S
F E F 2 5 _ ? 5 <80%
DL <80*


5
2
1
2'
2
1
1
5
2


25
0
2
1
0
0
2


13
1







90


T A B L E 21b
S U M M A R Y O F A L L S U B J E C T S W I T H
REPORTED SHORTNESS OF BREATH


Number
Abnormal chest X ray
C l u b b i n g
Crack l e s
FVC <80% p r e d i c t e d
D LCOsb < 8 ° * p r e d i c t e d


67
6
5
5
2
4
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s i g n i f i c a n t p o s i t i v e as soc iat ion between shortnes s o f breath
and both smoking and cumulative exposure ( p < . 0 5 ) .


The da ta on the prevalence of chronic lung di s ease
d e f i n e d as wheezing most days or n i g h t s a n d / o r Grade 3
d y s p n e a ( s t o p for breath when wa lk ing at your own pace on
the l e v e l ) a n d / o r P E V - 1 / F V C % 60% or le s s are summarized in
F i g u r e 17. The prevalence was s imilar in all exposure
groups in current smokers and in the never smoked category.
T h e r e was a s i g n i f i c a n t p o s i t i v e as soc iat ion between smoking
and the presence o f chronic lung d i s ea s e (p < . 0 5 ) . The
higher prevalence of chronic lung d i s ea s e in both the low
and high exposure groups among exsmokers s u g g e s t s an addi-
tive e f f e c t o f c igare t t e smoking with vermiculite exposure.
Exsmokers may have been encouraged to s t o p smoking because
of pulmonary symptoms.


The prevalence o f r e s tr i c t ive lung di s ease d e f i n e d as
F E V - 1 / F V C ratio of >70% with a FVC of <80% p r e d i c t e d is sum-
marized in F i g u r e 17a. The percent p r e d i c t e d was taken f r o m
the regres s ion equations f o r m u l a t e d f r o m the nonsmokers
company p o p u l a t i o n . T h e r e was no s i g n i f i c a n t a s soc iat ion
between re s t r i c t ive lung d i s ea s e and cumulative v ermicu l i t e
exposure .


The pr eva l enc e o f p l e u r i t i c chest pa in l a s t i n g 6 hours
or more with p h y s i c i a n eva luat ion is summarized in F i g u r e 18,
T a b l e s 21c and 21d. The prevalence is increased in the h igh
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F i g u r e 17
P e r c e n t a g e o f workers w i t h chron i c l u n g d i s e a s e b y j o b ca t egoryand by c i g a r e t t e s m o k i n g h i s t o r y . D i s c r i m i n a n t a n a l y s i s i n d i -ca t e s a s i g n i f i c a n t p o s i t i v e a s s o c i a t i o n between s m o k i n g a n dchronic l u n g d i s e a s e ( p <.05).
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TABLE 21e
C L I N I C A L A N D P H Y S I O L O G I C P A R A M E T E R S I N S U B J E C T S W I T H A H I S T O R Y O P P L E U R I T I C C H E S T P A I H


Hiur.be r
A b n o r m a l
C l u b b i n g
C r a c k l e s
F ' E V <80?
FVC <80?
m y j V C
F F F 25-75


P l e u r i t i cChest Pain
O n l y


10
C X R 1


0
0
0
0


<70? 2
<80* 6


l i t™.! . ' - H 0 * 0


Pleuritic
Ches t PainW i t h Grade I
D y s p n e a


3
0
0
0
0
0
1
2
0


PleuriticChesi t Pain
W i t h Grade II
Dyspnea


1
1
0
0
0
0
0
0
0


P l e u r i t i cChest PainW i t h S h o r t n e s sof Breathand W h e e z i n g
1*
0
0
0
Z
0
1
2
0


Pleuritic
Chest PainW i t h Shortness
of Breath w i t hWheezing withGrade I D y s p n e a


3
0
1
0
1
1
0
3
1


Pleur i t i cC h e s t P t i i nW i t h Shortnesso f Breuth w i t h
Wheezine withG r a d e I I Dyspnea


2
0
0
0
0
0
0
2
0


IO
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T A B L E 2 I d


S U M M A R Y O F A L L S U B J E C T S W I T H
REPORTED P L E U R I T I C C H E S T P A I N
Nuniber
Abnormal chest X ray
C l u b b i n g
C r a c k l e s
FVC <80% pr ed .
DLCOsb <80%


23
2
1
0
1
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and low exposure g r o u p s , e s p e c i a l l y in the exsmokers. T h i s
s u g g e s t s that p l e u r i t i c chest pain may have had some i n f l u -
ence on the dec i s ion to s t o p smoking. T h e r e is no d i f f e r -
ence between current smokers and nonsmokers. Discriminant
analys i s reveals a s i g n i f i c a n t po s i t i v e a s soc ia t ion between
cumulative vermiculi te exposure and hi s tory of chest pain
(p <.


S p i r o m e t r y R e s u l t s
R e s u l t s o f F E V - 1 , F V C , F E V - 1 / F V C % , a n d F E F 2 5 - 7 5 a r e pre-


sented as measured and as percent p r e d i c t e d . The r e su l t s
were evaluated in re la t ion to cumulative exposure ( f i b e r / c c /
yr) , time since f i r s t exposure ( y r s ) in high vermiculi te
exposure j o b s , and in the combined (low and h i g h ) vermic-
u l i t e exposure j o b s , and in the combined (low and h i g h )
vermicul i t e exposure group s . All values were a d j u s t e d f o r
smoking ( p a c k - y e a r s ) , age, and he ight . The reported mea-
sured values were for white male s . The percent p r e d i c t e d
values were for a l l as soc iate s . P r e d i c t e d values for b lacks
were 10% lower than a c o r r e s p o n d i n g white p o p u l a t i o n . The
s p i rome try r e su l t s are summarized in T a b l e s 22 through 27.
T h e r e were no d i f f e r e n c e s in sp irometry in r e l a t i o n s h i p to
vermicu l i t e exposure as measured by cumulative e xpo sure ,
time since f i r s t exposure , or job category.


R e s u l t s of the a n a l y s i s of the s p i r o m e t r y data in rela-.
t i o n s h i p to cumulat ive exposure ( f i b e r / c c / y r ) , and job
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T A B L E 22
S P I R O M E T R Y R E S U L T S B Y E X P O S U R E GROUP( f i b e r / c c / y r )


F E ^ ( L . )
F V C ( L . )
F E V 1 / F V C
F E F 2 5 - 7 5


f L / S )


C O N T R O L
n=215


3.92 ±.038
4.98 ±.048
0.787±.0052
3.79 ±.082


f i b e r / c


3.93 ±.038
4.95 ±.047
0.794±.0051
3.89 ±.082


c / y r > 1 Q
n=48


4.08 ±.081
5.12 ±.100
0.799+.0108
4.00 ±.173


n = 458
A d j u s t e d f o r smoking ( p a c k - y e a r s ) , age, he ight
A l l white males
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T A B L E 23
S P I R O M E T R Y R E S U L T S B Y E X P O S U R E G R O U P S( f i b e r / c c / y r ) , ( % p r e d i c t e d )


F V C
F E F 25-75


C O N T R O L
n=255


101.610.883
103.910.853


81.711.520


f i b e r / c1-10n=204
101.810.986
103.510.953


79.511.690


c / y r
n=48


105.212.018
107.211.951


78.513.470


n = 507
A d j u s t e d f o r smoking ( p a c k - y e a r s )







TABLE 24
S P I R O M E T R Y R E S U L T S B Y T I M E S I N C E F I R S T E X P O S U R E *


Y E A R S
n
F E V l f ( L . )
F V C , ( L . )
F E V j / F V C
F E F 2 5 - 7 5


L / S


0
95


3.98 ±.051
5.06 1.062
0.7871.0069
3.76 1.113


1-4
69


3.89 1.064
4.90 1.078
0.7951.0085
3.83 1.142


5-9
30


3.83 ±.091
4.87 ±.111
0.787±.012
3.7301.202


10-14
45


3.87 ±.076
4.85 1.093
0.7951.010
3.90 ±.169


15-19
15


' 4 . 1 3 ± . 1 3 1
5.2410.160
0.7910.018
4.0210.292


20+
23


3.98 ±.112
5.00 ±.137
0.794±.015
3.88 ±.249


n «• 277
* W h i t e male s f r o m t r i o n i z i n g , p i l o t p l a n t or p l a n t maintenance.G r o u p "0" i n c l u d e s a s s o c i a t e s never e m p l o y e d in t r i o n i z i n g , p i l o t p l a n t , p l a n t m a i n t e n a n c e ,c e n t r a l m a i n t e n a n c e , p a c k a g i n g , or warehouse.


A d j u s t e d f o r smoking ( p a c k - y e a r s ) , age, h e i g h t .


vo







TABLE 25
S P I R O M E T R Y R E S U L T S B Y T I M E S I N C E F I R S T E X P O S U R E *


Y C A R S
n


F E V j ( L . )
F V C ( I . . )
F E F 2 5 - 7 5


U / S )


0
112


103.3±1.30
1 0 5 . 6 + 1 . 2 3


80. 1+2. 24


1-4
74


1 0 1 . 6 t l . 6 0
103.011. 53


82. 412.78


5-9
33


100.012.39
101.412.27


78.9t4 .13


10-14
48


101.711.98
102.311.89


81.413.43


15-19
15


108.713.54
112.313.37


80.216.13


20*
23


103.912.92
106.212.78


77.015.05
'


305
A d j u s t e d f o r smoking ( p a c k - y e a r s )A s s o c i a t e s f r o m T , P P , P H . T i m e since f i r s t exposure .G r o u p " 0 " i n c l u d e s a s s o c i a t e s never e m p l o y e d i n T , P P ,P M , C M , P , o r W .
* P e r e e n t a g e o f p r e d i c t e d


OO
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T A B L E 25
S P I R O M E T R Y R E S U L T S B Y J O B C A T E G O R Y


F E V - L ( L . )
F V C ( L . )
F E V 1 / F V C
F E F 2 5 - 7 5


( L / S )


I
n=95


4.00 ±.053
5.08 ±.065
0.79 ±.071
3.79 ±.113


I I
n=181


3.92 ±.038
4.98 ±.048
0.79 ±.0052
3.86 .082


I I I
n=182


3.93 ±.038
4.94 ±.048


.79 ±.005
3.88 ±.082


n = 458
I - N e v e r in II or IIIII - Central maintenance, p a c k a g i n g , warehouse - never in IIIIII - Ever worked in t r i o n i z i n g , p i l o t p l a n t , or p l a n t mainten-ance.A l l white male s a d j u s t e d f o r smoking ( p a c k - y e a r s ) , age , he ight
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T A B L E 27
S P I R O M E T R Y R E S U L T S B Y J O B C A T E G O R Y( % p r e d i c t e d )


FEV-L ( L . )
F V C ( L . )
F E F 25-75


( L / S )


I
n=112


103.1±1.32
105. 5±1.28


79.6±2 .27


I I
n=202


101.510.98
103. 710.95


81.311.70


I I I
n=193


102.011.01
103.610.97


80.311.73


n = 507I - Never in II or IIIII - CM, P, W never worked in IIIIII - ever worked in t r i o n i z i n g , p i l o t p l a n t or p l a n tmaintenance
A d j u s t e d f o r smoking ( p a c k - y e a r s )
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category by smoking groups are summarized in F i g u r e s 19
through 26. Worker s were d iv ided into 1 of 3 smoking cate-
gories: never smoked (NS), used t o smoke ( E X ) and current
smoker ( C S ) . I n t e r e s t i n g l y , associates with th e greatest
cumulative f i b e r exposure had the h ighes t F E V - 1 values
( p < . 0 5 ) . S i g n i f i c a n t d i f f e r e n c e s i n F E V - 1 , F E V - 1 / F V C % , a n d


F E F 2 5 - 7 5 were noted among smoking categorie s (p < . 0 0 5 ) .
P h y s i c a l Examination R e s u l t s


T h e r e were no d i f f e r e n c e s in prevalence of crackles (£ 1
locat ion or nail c lubbing and e x p o s u r e ) between job category
groups in r e l a t i o n s h i p to vermiculi te exposure. Current
smokers had the highest prevalence of crackles in all expo-
sure groups (p < . 0 5 ) ( F i g u r e s 27 and 2 8 ) .
D i f f u s i o n R e s u l t s


Resul t s of DLcosb an(^ DL/VA were evaluated in relation-
sh ip to cumulat ive exposure ( f i b e r / c c / y e a r ) , time since
f i r s t exposure ( y r s ) in high vermicul i t e exposure j o b s , and
job ca t egor i e s d iv id ed into no, low and high vermicul i t e
expo sure group s . A l l values were f o r white males a d j u s t e d
for smoking ( p a c k - y e a r s ) , age, and h e igh t . The CO d i f f u s i o n
r e s u l t s are summarized in T a b l e s 28 through 33. T h e r e were
no d i f f e r e n c e s in D L C Q S b or DL/VA in r e l a t i o n s h i p to vermic-
u l i t e exposure according to cumulat ive exposure or job
category.
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MO


F i g u r e 19
Mean +_SE F E V - 1 ( a d j u s t e d f o r h e i g h t a n d a g e ) f o r 4 5 9 w h i t e m a l eworkers by e x p o s u r e g r o u p s and c i g a r e t t e s m o k i n g h i s t o r y .
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F i g u r e 20
Mean + _ S E F V C ( a d j u s t e d f o r h e i g h t a n d a g e ) f o r 4 5 9 w h i t e m a l e s b ye x p o s u r e g r o u p s and by c i g a r e t t e s m o k i n g h i s t o r y .
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F i g u r e 21
M e a n + S E F E V , / F V C ( a d j u s t e d f o r h e i g h t a n d a g e ) f o r 4 5 9 w h i t e m a l e sby e x p o s u r e g r o u p and by c i g a r e t t e s m o k i n g h i s t o r y
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F i g u r e 24
M e a n + S E F V C ( a d j u s t e d f o r a g e a n d h e i g h t ) f o r 4 5 9 w h i t e m a l e sby j oF ca t egory g r o u p and s m o k i n g h i s t o r y
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0.82


0.72


I I I
J o b C a t e g o r y


F i g u r e 25
Mean + S E F E V , / F V C ( a d j u s t e d f o r a g e a n d h e i g h t ) f o r 4 5 9 w h i t e m a l e sby job ca t egory and by s m o k i n g h i s t o r y .
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F i g u r e 26
S E - F E F 2 5 _ 7 5 ( a d j u s t e d f o r a g e a n d h e i g h t ) f o r 4 5 9 w h i t e m a l e sby jo~E c a t e g o r y 2nd by s m o k i n g h i s t o r y .
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C R A C K L E S H E A R D O N A U S C U L T A T I O N
25%
20%
15%
10%
5%


N N S
49


EX
22


ncs
41 N S


63
.["I r— i —— I .EX CS NS


36 107 69 EX CS
46 79Group I G r o u p I I


J o b C a t e g o r y
G r o u p I I I


F i g u r e 27
P e r c e n t a g e o f workers w i t h c r a c k l e s heard on a u s c u l t a t i o n o fthe chest by job c a t e g o r y and by s m o k i n g h i s t o r y . D i s c r i m i n a n t ,a n a l y s i s i n d i c a t e s a s i g n i f i c a n t p o s i t i v e a s s o c i a t i o n be tweens m o k i n g a n d c r a c k l e s ( P < . 0 5 ) .


A
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P R E V A L E N C E O F C L U B B I N G O F N A I L S


25%
20%
15%
10%


5%


N
N S
49


EX
22


CS
41


N S
63


EX
36


CS
107


Group I G r o u p I I
J o b C a t e g o r y


NS EX cs
69 46 79


Group I I I


F i g u r e 28
P e r c e n t a g e o f workers w i t h c l u b b i n g o f t h e n a i l s b y j o b ca t egoryand by s m o k i n g h i s t o r y . D i s c r i m i n a n t a n a l y s i s i n d i c a t e s a s i g -n i f i c a n t p o s i t i v e a s s o c i a t i o n between n a i l c l u b b i n g a n d a g e ( p < .05)
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T A B L E 28
D I F F U S I O N R E S U L T S B Y E X P O S U R E GROUP( f i b e r / c c / y r )


D LCOsb
D L / V A


Control
n=199


36.7 ±.515
5.681.086


1-10
n=172


36.5 ±.517
5.77+.086


>10
n=44


37.0 ±1.085
5.61+ .180


n = 415A l l white malesA d j u s t e d f o r smoking ( p a c k - y e a r s ) , age, height
DLCO b e xP r e s s e d i n m l c o (STPD)/ m i n / m m H g
D L / V A e xpr e s s ed in ml CO ( S T P D ) / m i n / m m H g / L ( B T P S )
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T A B L E 29
D I F F U S I O N R E S U L T S B Y E X P O S U R E GROUP ( f i b e r / c c / y r )


( % P r e d i c t e d )


D ICOsb


Contro l
n=237


120.0±1.43


1-10
n=185


120.4±1.62


>10
n=44


122.6±3.30


n = 466
A d j u s t e d f o r smoking ( p a c k - y e a r s )







TABLE 30
D I F F U S I O N R E S U L T S B Y T I M E S I N C E F I R S T E X P O S U R E


DL
D L / V A


0
n=85


36.7 ±0.690
5.59*0.113


1-4
n-67


36.4 10.836
5.7010.137


5-9
n-25


37.7 ±1.28
6.001 .210


10-14
n-40


35.6 11.04
5.5510.170


15-19
n«14


34.8 11.75
5.1110.287


20+
n=21


36.1 ±1.51
5.5010.247


n = 252
W h i t e mal e a d j u s t e d f o r smoking ( p a c k - y e a r s ) , age, he ight .T i m e in years since f i r s t exposure in T, PM, or PP.G r o u p 0 i n c l u d e s as soc iate s never employed in T, PM, PP, CM, P, or W.
D L _ 0 g j j e x p r e s s e d in ml CO ( S T P D ) / m i n / m m H g .
DL/VA expres s ed in ml CO ( S T P D ) / m i n / m m H g / L (BTPS).







TABLE 31
D I F F U S I O N R E S U L T S B Y T I M E S I N C E F I R S T E X P O S U R E(% p r e d i c t e d )


Y e a r s
Number
D I COSb


0
101


122.2±2.12


1-4
72


117. 412. S3


5-9
28


123.414.03


10-14
42


118. 8*3.30


15-19
14


116.9i5.70


2 ' o - t -
21


121.6±4.75


n * 278
A d j u s t e d f o r smoking ( p a c k - y e a r s )A s s o c i a t e s f r o m T , P P , P M .Group 0 i n c l u d e s as soc iate s never employed in T, PP, PM, CM, P or H.T i m e in years since f i r s t exposure in T, PM, or PP.







T A B L E 32
D I F F U S I O N R E S U L T S B Y J O B C A T E G O R Y


118


DL COsb
D L / V A


I
n=85


36.8 ±.721
5.611.120


I I
n=168


36.9 ±.516
5.80±.086


I I I
n=167


36.3 ±.517
5.66+.086


n - 420
A d j u s t e d f or smoking ( p a c k - y e a r s ) , age, he ight .All white males.


I - never in II or IIIII - CM, P, w never worked in IIIIII - Ever worked in t r i o n i z i n g , p i l o t p l a n t orp l a n t maintenance
D LCOsb e xPr e s s e d in ml co ( S T P D ) / m i n / m m H g .
D L / V A expre s s ed i n m l C O ( S T P D ) / m i n / m m H g / L ( B T P S )
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T A B L E 33
D I F F U S I O N R E S U L T S B Y J O B C A T E G O R Y( % p r e d i c t e d )


D L COsb


I
106


122.0±2.17


I I
n=188


121.0+1.59


I I I
n=177


118.8+1.64


n = 466
A d j u s t e d f o r smoking ( p a c k - y e a r s )


I - never in II or IIIII - CM, P, W never worked in IIIIII - Ever worked in t r i o n i z i n g , p i l o t p l a n t or p l a n tmaintenance
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When evaluated b y t h e smoking groups N S , E X , a n d C S ,
there were no d i f f e r e n c e s in r e l a t i o n s h i p to vermicul i t e
exposure. T h e r e were, however, s i g n i f i c a n t d i f f e r e n c e s in
D L p o e h and DL/VA between NS and EX versus CS (p < . 0 0 0 1 ) ,\*>\s QU


F i g u r e s 29 through 32.
R a d i o g r a p h i c F i n d i n g s


The r e s u l t s o f the r a d i o g r a p h i c survey inc luded al l
a s soc ia t e s with ava i lab l e i n t e r p r e t a b l e f i l m s . T h e radio-
graphs of 501 and 513 ( 9 7 . 7 % ) a s soc iate s were reviewed.
T h e r e were 479 ( 9 5 . 6 1 % ) with no s i g n i f i c a n t X ray changes
and 22 ( 4 . 4 % ) with p l e u r a l or parenchymal changes. Of these
22 with p l e u r a l or parenchymal changes, 11 ( 2 . 2 0 % ) had sig-
n i f i c a n t abnormal i t i e s . A breakdown of the s i g n i f i c a n t
changes among the 11 current employee s interviewed is summa-
rized in T a b l e s 34a and 34b. Of these 11, one employe e had
the presence of C a t e g o r y 1/1 small irregular o p a c i t i e s . The
e x p l a n a t i o n o f th e i n t e r p r e t a t i o n c l a s s i f i c a t i o n cri teria
are not inc luded in T a b l e 34a.


The i n t e r p r e t a t i o n s of the chest r a d i o g r a p h s are summa-
rized in T a b l e s 35a and 35b according to cumulative exposure.
A greater preva l ence of abnormal i t i e s occurred in the >10
f i b e r / c c / y r exposure group. R e s u l t s e x p r e s s e d as time since
f i r s t expo sure ( y r s ) in high vermicul i t e exposure j o b s and
in all ( h i g h and l o w ) vermicu l i t e exposure j o b s are summa-
ized in T a b l e s 36, 37a and 37b, r e s p e c t f u l l y . A greater
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TABLE 34a
B R E A K D O W N O F S I G N I F I C A N T


P L E U R A L A B N O R M A L I T I E S O F C U R R E N T E M P L O Y E E S I N T E R V I E W E D


A D B i l a t e r a l p l e u r a ! t h i c k e n i n g A / 1 ( W i d t h / E x t e n t )B i l a t e r a l p l a q u e s 1 / 1 ( C e r t a i n t y o f p l a q u e s )
OR B i l a t e r a l p l e u r a l t h i c k e n i n g C/2
RB L e f t p l e u r a l t h i c k e n i n g A/1
RO B i l a t e r a l p l e u r a l t h i c k e n i n g 8/1B i l a t e r a l p l e u r a l p l a q u e s 1 / 1
N B B i l a t e r a l p l e u r a l t h i c k e n i n g B / 2L e f t p l a q u e 1 / 1
C H L e f t p l e u r a l t h i c k e n i n g A / 1L e f t p l e u r a l p l a q u e 0 / 1
T T R i g h t p l e u r a l t h i c k e n i n g C / lR i g h t p l e u r a l p l a q u e 1 / 1
OG B i l a t e r a l s m a l l , i r r e g u l a ro p a c i t i e s Type s 1 /1
O S U n i l a t e r a l p l e u r a l t h i c k e n i n g A / 1
C P L e f t p l e u r a l c a l c i f i c a t i o n G r a d e 1
RW B i l a t e r a l p l e u r a l t h i c k e n i n g B/lB i l a t e r a l p l e u r a l p l a q u e s 1 / 1R i g h t d i a p h r a g m c a l c i f i c a t i o n G r a d e 2


E x p l a n a t i o n o f r a d i o g r a p h i n t e r p r e t a t i o n c l a s s i f i c a t i o n c r i t e r i a
P l e u r a l t h i c k e n i n g : w i d t hA. < l / 2 cmB. 1/2 to 1 cmC. >1 cm
P l e u r a l t h i c k e n i n g : ex t ent1. 1/2 of chest2. W h o l e chest
C e r t a i n t y o f p l a q u e s0 / 1 . p o s s i b l e p r e s e n t1 / 0 p r o b a b l y p r e s e n t1 / 1 d e f i n i t e l y pr e s en t
P l e u r a l c a l c i f i c a t i o n : g r a d e1 . t o t a l l e n g t h o f a l l c a l c i f i c a t i o n s , <2cm2. t o t a l l e n g t h o f a l l c a l c i f i c a t i o n s , 2-10 cm.3. t o t a l l e n g t h o f a l l c a l c i f i c a t i o n s , >10 cm
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T A B L E 3 4 b
S U M M A R Y O F B R E A K D O W N O F S I G N I F I C A N TP L E U R A L C H E S T X - R A Y A B N O R M A L I T I E S
N U M B E R 1 1
B I L A T E R A L P L E U R A L T H I C K E N I N G 5< l / 2 cm 11 / 2 - 1 cm 3>1 cm 1
P L E U R A L P L A Q U E S 5


U N I L A T E R A L P L E U R A LT H I C K E N I N G 4
P L E U R A L C A L C I F I C A T I O N 2







T A B L E 35 a
X-RAY R E S U L T S F O R A L L E X P O S U R E G R O U P S *


R E S U L T S


N e g a t i v e
C o s t o p h r e n i c angl eb l u n t i n gS i g n i f i c a n t p l e u r a ]a b n o r m a l i t yAny x-ray change**


T O T A L


C O N T R O L


2 4 7 ( 9 7 . 6 % )
4 ( 1 . 6 % )
2 ( 0 . 9 % )
6 ( 2 . 4 % )


2 5 3 ( 1 0 0 % )


E X P O S U P x E G R O U P S ( f i b e r / c c / y r )
1-10


190 ( 9 5 . 0 % )
5 ( 2 . 5 % )
5 ( 2 . 5 % )


10 ( 5 . 0 % )
200 ( 1 0 0 % )


>10
42 ( 8 7 . 5 % )


2 ( 4 . 2 % )
4 ( 8 . 4 % )
6 ( 1 2 . 5 % )


48 ( 1 0 0 % )


T O T A LN o .


501
*Numbers e xpr e s s ed as p e r c e n t a g e s of t o t a l f i l m s in each exposure groupca t egory


* * T o t a l of CPA and other than CPA


to•j







TABLE 35b


S U M M A R Y O F C H E S T X - R A Y R E S U L T S F O R A L L E X P O S U R E S
N E G A T I V E
C O S T O P H R E N I C A N G L E B L U N T I N GContro l 41-10 f i b e r / c c / y r 5>10 f i b e r / c c / y r 2


4 7 9 ( 9 5 . 6 % )
11 ( 2 . 2 % )


S I G N I F I C A N T P L E U R A L A B N O R M A L I T I E S 1 1 ( 2 . 2 % )Contro l 21-10 f i b e r / c c / y r 5>10 f i b e r / c c / y r 4
T O T A L 5 0 1 ( 1 0 0 . 0 % )


H*to00







T A B L E 36
X - R A Y R E S U L T S B Y T I M E S I N C E F I R S T


E X P O S U R E I N H I G H - E X P O S U R E J O B S *


X - R A Y R E S U L T S
N e g a t i v e
C o s t o p h r e n i c a n g l eb l u n t i n gS i g n i f i c a n t p l e u r a la b n o r m a l i t y
Any x-ray change**


T O T A L


T I M E S I N C E F I R S T E X P O S U R E
( Y R S )


0
104


1
2
3


107


1-4
71


1
0
1


72


5-9
31


1
0
1


32


10-14 .
44


2
1
3


47


15-19
14


0
1
1


15


20+
19


1
4
5


24


T O T A L
N O .


297
*Exposure group - t r i o n i z i n g , p i l o t p l a n t and p l a n t maintenance


** T o t a l of CPA and other than CPA


h*N )







TABLE 37a
X-RAY R E S U L T S B Y T I M E S I N C E F I R S T


E X P O S U R E I N A L L J O B S *


X-RAY R E S U L T S
N e g a t i v e
C o s t o p h r e n i c a n g l eb l u n t i n gS i g n i f i c a n t p l eura labnormal i tyAny x-ray change**


T O T A L


T I M E S I N C E F I R S T E X P O S U R E( Y R S )
0


104
1
2
3


107


1-4
132


3
0
3


135


5-9
92


3
0
3


95


10-14
83


2
2
4


87


15-19
20
1
2
3


23


20+
48


1
5
6


54


T O T A L
N O .


5.01
*Exposure i n c l u d e s t r i o n i z i n g , p i l o t p l a n t , p l a n t maintenance, p a c k a g i n g ,warehouse and central maintenance


* * T o t a l of CPA and s i g n i f i c a n t a b n o r m a l i t y


u>o
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T A B L E 37b
SUMMARY OF


C H E S T X - R A Y R E S U L T S F O R L A T E N C Y P E R I O D
N E G A T I V E 4 7 9
C O S T O P H R E N I C A N G L E B L U N T I N G 1 1<10 years 710-20 years 3>20 years 1
S I G N I F I C A N T P L E U R A L A B N O R M A L I T I E S 1 1<10 years 210-20 years 4>20 years 5
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prevalence of s i g n i f i c a n t X ray abnormal i t i e s occurred in
the 10-year or more la t ency group. R e s u l t s by job category,
according to vermiculite exposure are summarized in T a b l e 38.
The highest number of s i g n i f i c a n t abnormalit ies are in the
high exposure job category.


As d emons t ra t ed in T a b l e 38, there is a d i f f e r e n c e in
mean age between job category groups . Because age might be
a c o n f o u n d i n g f a c t o r in r e l a t i o n s h i p to X ray abnormal i t i e s ,
an a t t e m p t was made to correct for age in i n t e r p r e t i n g radio-
graphic data. Each of the 22 associates with an abnormal
chest radiograph was matched by age to an associate with a
normal chest rad iograph. All ind iv idua l s were white male s;
no matching was a t t e m p t e d on the basis of smoking hi s tory
(15 mean c igare t t e pack-years contro l s vs 25 mean c igare t t e
pack-years p o s i t i v e ) . D i f f e r e n c e s i n exposure ( f i b e r / c c / y r )
were analyzed by parametric ( p a i r e d t - t e s t ) and nonpara-
metric s t a t i s t i ca l methods. T a b l e 39 pre s ent s this matching
and demonstrates a d i f f e r e n c e in exposure ( f i b e r / c c / y r )
between the negative and p o s i t i v e X ray groups (p = <.041).
W h e n s i g n i f i c a n t p l e u r a l r a d i o g r a p h i c changes were a n a l y z e d ,
there was a s trong trend toward a d i f f e r e n c e in exposure
(p = < . 0 8 2 ) . The nonparametric a n a l y s i s was not a f f e c t e d by
o u t l i e r s , the r e s u l t s of which are summarized in T a b l e 40.
A s trong trend towards a d i f f e r e n c e in f i b e r / c c / y r exposure
p e r s i s t s for all X ray changes and s i g n i f i c a n t p l e u r a l X ray







T A B L E 38
X-RAY R E S U L T S BY JOB C A T E G O R Y *


No x-ray change
C o s t o p h r e n i c a n g l eb l u n t i n gS i g n i f i c a n t p l e u r a la b n o r m a l i t y
Any x-ray change**


I
104


1
2
3


( A g e ± S D )
( 3 6 . 4 + 1 0 . 8 )


( 5 5 . 5 )
(48.7+ 8 . 3 )


51.0


I I
196


5
3
8


( A g e ± S D )
( 3 4 . 9 + 1 1 . 9 )
( 4 9 . 7 + 1 3 . 0 )'.
(52.5+ 3 . 8 )


50.7


I I I
179


5
6


11


( A g e ± S D )
( 3 9 . 1 + 1 2 . 0 )
(41.0+ 8 . 2 )
(55.1+ 4 . 0 )


48.7


* I. ControlI I . P a c k a g i n g , warehouse, central maintenanceI I I . T r i o n i z i n g , p i l o t p l a n t , p l a n t maintenance
** T o t a l o f CPA and o ther than CPA ( M e a n value for a g e )


U)LO
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T A B L E . 39
D I F F E R E N C E S I N E X P O S U R E ( f i b e r / c c / y r ) : P A I R - M A T C H E DANALYSIS (normal vs abnormal X ray)*P A R A M E T R I C A N A L Y S I S (pa ir ed t - t e s t )


F i b e r / c c / y r
MeanD i f f e r e n c e
S D
P


C o s t o p h r e n i cang l eb lun t ingn=ll pa ir s


3.0
9.7


.232


S i g n i f i c a n tp l e u r a labnormalityn=ll pairs


8.6
14.7


.082


Any x-raychangen=22 pa i r s


5.8
12.5


.041


*Cases were each matched by age with a s u b j e c t who hada negat ive X ray.
All white males matched f or age.
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T A B L E 40
N O N P A R A M E T R I C A N A L Y S I S ( W i l c o x o n S i g n Rank T e s t )


Sum of ranksof p o s i t i v ed i f f e r e n c e s
T * ( w i t h c c )
P


C o s t o p h r e n i cangleb l u n t i n gn=ll pairs


39
0.49
0.312


S i g n i f i c a n tp l eura la b n o r m a l i t yn=ll pairs


48
1.29
0.098


Any x-raychangen=22 pair s


168
1.33
0.092


*Cases were each matched by age with a s u b j e c t who hada negative X-ray.
All white males matched f or age.
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abnormal i t i e s (p <.092 and <.098 r e s p e c t i v e l y ) . Discrimin-
ate analy s i s revealed an as soc ia t ion between cumulative expo-
sure ( f i b e r / c c / y r ) and abnormal x-ray r e su l t s {p < . 0 5 ) .
V a r i a b l e s entering the discriminant f u n c t i o n inc luded cumu-
la t ive exposure years and smoking pack-years appear to show
a s i g n i f i c a n t as sociat ion with any x-ray abnormali t i e s
(p < . 0 5 ) , whereas age d id no t ( F i g u r e 3 3 ) .


A summary of medical and employment h i s t o ry , phy s i ca l
examination r e s u l t s , and pulmonary f u n c t i o n test r e s u l t s for
all radiograph-matched pairs is p r e s en t ed in T a b l e s 41 and
42.


In T a b l e 41, X rays of as soc iate s with CPA changes were
paired with age-matched negative X ray associates . H i s t o r y
of p l e u r i t i c chest pain occurred in only 1 s u b j e c t with CPA
changes and none in the negative x-ray group. On p h y s i c a l
examination, 2 of 3 i n d i v i d u a l s with crackles had x-ray
CPA changes.


In T a b l e 42, p l e u r i t i c chest pa in was noted in 2 indivi-
d u a l s , both with abnormal X rays. Crack l e s were heard in 3
per sons , all with abnormal X rays. A comparison was made
between the p o s i t i v e and control x-ray groups for number of
f a r m i n g years, h i s t ory o f pneumonia, h i s tory o f s i g n i f i c a n t
other j o b s , h i s t ory o f s i g n i f i c a n t i l l n e s s / i n j u r y , p h y s i c a l
f i n d i n g s and sp irometry r e s u l t s and CO d i f f u s i o n c apac i t i e s .
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A B N O R M A L C H E S T X - R A Y
25%
20%
15%
10%


5% I — I I
NS EX CS


N 49 22 41
G r o u p I


NS EX CS
63 36 107


G r o u p I I
J o b C a t e g o r y


NS EX cs
69 46 79


G r o u p I I I


F i g u r e 33
P e r c e n t a g e of workers s h o w i n g a p o s i t i v e ches t X ray by j o b , c a t e g o r ya n d s m o k i n g h i s t o r y . D i s c r i m i n a n t a n a l y s i s i n d i c a t e s a s i g n i f i c a n tp o s i t i v e a s s o c i a t i o n between p o s i t i v e ches t X ray and c u m u l a t i v e
e x p o s u r e a n d s m o k i n g ( b o t h p < . 0 5 ) .
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KEY TO T A B L E 41 AND T A B L E 42


1. T = trionizing
PP = p i l o t p l a n t
PM = p l a n t maintenance
CM - central maintenance
W = warehouse
P = p a c k a g i n g
SP = seed p l a n t
R = research
FO = f ront o f f i c e
PF = p o l y f o r m


2. Any i n j u r y that could contribute to abnormal X ray.
3. Any other employment with p o s s i b l e exposure to


s i g n i f i c a n t amounts of airborne mineral dust or f i b e r s .
4. Any p l e u r i t i c chest pain >. 6 hours duration requiring


the evaluation of a phys ic ian.
5. All pulmonary f u n c t i o n t e s t s corrected for smoking


( p a c k - y e a r s ) and height. All s u b j e c t s were white ma l e s ,
6. X ray r e su l t s


(-) No x-ray changes
( + ) C o s t o p h r e n i c angle b l u n t i n g
(++) S i g n i f i c a n t p l eural abnormality (breakdown ofo f p l e u r a l abnormal i t i e s described in T a b l e 42)
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There were no d i f f e r e n c e s between pos i t ive X rays and nega-
tive X rays for any of these parameters .


Of the 14 cases of p l eural e f f u s i o n s and in t er s t i t ia l
changes/ 11 associates were employed at the company when the
cross-sectional s tudy was conducted (2 deve loped e f f u s i o n s
a f t e r comple t i on o f the s t u d y ) . The rad io l og i c outcome o f
11 cases are summarized in T a b l e 43. There was residual
disease noted on 6 of 9 i n d i v i d u a l s , while 3 had normal
appear ing X rays. Three had s i g n i f i c a n t pleural di s ease ,
while 3 had only CPA changes. The 2 cases that o r i g i n a l l y
were diagnosed as having in t er s t i t ia l changes without docu-
mented e f f u s i o n had only residual p leural changes.


There were 5 associates with abnormal radiographs not
interviewed. Two were retired and one was a long-term dis-
ab i l i ty . Two were currently e m p l o y e d , but not interviewed.
T a b l e 44 reveals x-ray re su l t s of the 5 associates not
interviewed. No c l inical or p h y s i o l o g i c da ta is ava i lab l e
for these i n d i v i d u a l s . The x-ray r e su l t s of these 5 sub-
j e c t s were not included in the previous ly discussed x-ray
data analysi s .
Current S t a t u s o f Original Employee s with Pleural E f f u s i o n s


As of J u l y 1981, 11 of the to tal 14 cases (12 p l e u r a l
e f f u s i o n p l u s 2 with i n t e r s t i t i a l c h a n g e s ) were s t i l l
employed by the company. The current medical s ta tus of







144


TABLE 43
C O M P A R I S O N O F C A S E S O F P A S T P L E U S A L E F F U S I O N S A N D I N T E R S T I T I A L


C H A N G E S S T I L L E M P L O Y E D T O 1979-1980 C H E S T R A D I O G R A P H S


Past Pleura l E f f u s i o n Case
DG L e f t Pleura l E f f u s i o n
DP Right Pleural E f f u s i o n
OS L e f t Pleura l E f f u s i o n
T C Right Pleura l E f f u s i o n
H J R i g h t P l e u r a l E f f u s i o n
FO Right Pleural E f f u s i o n
N B L e f t Pleura l E f f u s i o n


OS D i f f u s e B i l a t e r a l Pulmonary F i b r o s i s
DR B i l a t e r a l Pleura l T h i c k e n i n g with


D i f f u s e Minimal F i b r o s i s


1979-1980 Chest R a d i o g r a p h
Normal
Normal
Normal
Right CPA
R i g h t CPA
Bilat era l CPA
B i l a t e r a l Pleura l T h i c k e n i n g B / 2
L e f t p laque s 1/1
Bilateral Pleura l T h i c k e n i n g A / 1
B i l a t e r a l Pleura l T h i c k e n i n g C / 2


DA and JR had normal chest rad i ograph s during the cross-sectional s tudy. T h e s e
employees sub s equent ly deve l oped p l eura! e f f u s i o n s .







TABLE 44
C H E S T R A D I O G R A P H S O F E M P L O Y E E S N O T I N T E R V I E W E D


D U R I N G C R O S S - S E C T I O N A L S T U D Y
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GT


J S


PC


DN


RH


B i l a t e r a l s m a l l i r r egu lar o p a c i t i e s
( c u r r e n t l y e m p l o y e d — n o t i n t e r v i e w e d )


R i g h t s i d e d s m a l l rounded o p a c i t i e s
( r e t i r e d )
B i l a t e r a l p l e u r a l t h i c k e n i n g
( l o n g term d i s a b i l i t y )


L e f t s id ed p l e u r a l t h i c k e n i n g
(normal r e t i r e m e n t )


L e f t s i d e d p l e u r a l t h i c k e n i n g
L e f t s i d e d p l e u r a l p l a q u e
L e f t s ided p l e u r a l c a l c i f i c a t i o n
( c u r r e n t l y e m p l o y e d — n o t i n t e r v i e w e d )


Type t , 2 /3
Type q, 1/0


B / 2


B / l


A / 1
1/0
G r a d e 1
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these s u b j e c t s are described in T a b l e 6a, while T a b l e 6b
summarized i n f o r m a t i o n on the 11 employe e s . Of the remain-
ing 3, 1 employe e retired and 2 were working at other j o b s .







TABLE 6a
S U M M A R Y O F A S S O C I A T E S S T I L L E M P L O Y E D


F i n d i n g from J u n e 1980**
I n d e x
C . ' i r . o
DS


t in


IX*.


I I . J


D5


DR


Curren t AKC nt F l b e r / c c / y e a r Abnormal X ray
A c e D i a g n o s i s E x p o s u r e F i n d i n g
hit 33 23.1 l e f t e f f u s i o n1970


53 >i3 17.2 l e f t e f f u s i o n
1971


>>9 1)1) 2.7 l e f t e f f u s i o n1976


55 51 13.8 Right e f f u s i o n
1977


59 55 9.7 d i f f u s e b l l a t .pulmonaryf i b r e s I s
1977


1.9 Vr f c . O b l l a t . pleuralt h i c k e n i n g withd i f f u s e minimalf l b r o s i s
1977


x ray Dyspnea


normal nonel i m i t s


b i la t era lpleuralt h i c k e n i n g
B/2l e f t p laque
1 / 1 Grade


normal none


right CPAt G r a d eb l u n t i n g


b i la t era l nonep l e u r a lt h i c k e n i n gA / 1
b l l a t . • none
pleuralt h i c k e n i n gC / 2


T F T — — J J l ' r c - d i e t r ; . !


FEVj 99
FVC 103FEVj/FVCjt 77
F E F25-75 70


78I 906833
95987766


I 87877859
66925622
7378
*7


ui.co H i y o .
% I ' r c ' l . K x i u n .


112 normal


I Q l ) crack l e s


10l< normal


ill 5 normal


55 normal


128 crark l co&c l u b b i n g







T A B L E 6 a ( c o n t ' d )
S U M M A R Y O F A S S O C I A T E S S T I L L E M P L O Y E D .


F i n d i n g s from June 1980*"I n d e x CurrentCase Are
DP 55


FO 32


TC 1.8


JR 1.9


DA 1.6


Age atDiagno s i s
52


29


1.6


1.9


16


F i b e r / c c / y e a rExposure
25. «.


5.7


3.7


9.0


1


Abnormal X rayF i n d i n g
richte f f u s i o n1978


righte f f u s i o n1978


righte f f u s i o n
1979


right sidede f f u s i o n *Nov. 1980


pleural e f f u s i o nwith subsequent
p o s s i b l e peri-


X ray Dyspnea PFT


normal nonel i m i t s


b l l a t . noneCPAb l u n t i n g


right CPA noneb l u n t i n g


normal nonel i m i t s


normal nonel i m i t s
cardial e f f u s i o n *Jan. 1981


* P r e d i c t e d


73876732
1091068387


901086738
12812081.103


757680
51


DI.co Phya .
% Preii. Exam.


156 normal


~ normal


100 crack lo&


131 normnl


70 cracklc j


• T h e f i l m revieved for the cross sect ional s tud i e s were normal. Subsequent f i l m s were reported to reveal the s ea b n o r m a l i t i e s .
••Employee s HV, DC and LG were not present in June 1980 and there fore no data is availablet C P A r e f e r s t o c o s t o p h r e n i c angle


00
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TABLE 6b
SUMMARY OF CURRENT INFORMATION ON
S U B J E C T S
EXAMINED IN JUNE 1980
T o t a l Number 11


X ray S t a t u s 1980
Normal 5*CPA b lun t ing 3Pleural th i ckening 3Plaques 1


Crackl e s on Physical Exam U
Abnormal P P I ' s 6


R e s t r i c t i v e 2Obstric t ive U
DLCOsb Abnormal 2


*Two s u b j e c t s developed e f f u s i o n sa f t e r the study in June 1980.Three s u b j e c t s vere normal at the
time of the study.
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C H A P T E R X I


D I S C U S S I O N


The adverse h e a l t h e f f e c t s o f human exposure to a sbe s to s
are documented. The long la t ency period between f i r s t expo-
sure and subsequent development of certain disease s tates is
an important f a c t o r . A s b e s t o s produce s a wide spectrum of
e f f e c t s i n c l u d i n g :
1. N o n m a l i g n a n t p l e u r a l d i s ea se s ( p l e u r a l t h i ck en ing , hya-


line and c a l c i f i e d p l a q u e s , and benign b l oody p l e u r a l
e f f u s i o n s ) : 8 ' 3 7 ' 3 8 ' 3 9 ' 4 6


2 . D i f f u s e i n t e r s t i t i a l pulmonary f i b r o s i s ( a s b e s t o s i s ) :
8,21,46-49


3. M a l i g n a n t mesothe l ioma of the p l e u r a l l in ing and
p e r i t o n e u m : 8 ' 2 1 ' 4 6 - 4 9


5 4 — 5 94. Carcinoma of the lung:
The f o l l o w i n g p o i n t s are important when cons ider ing


asb e s t o s -r e la t ed di sease . 1) T h e r e is a wide variation in
human response to asbe s to s exposure both in terms of devel-
opment and p r o g r e s s i o n of d i s e a s e ; 2) there u s u a l l y is a
la t ency period of several years b e f o r e a s b e s t o s - r e l a t e d
d i s ea s e becomes m a n i f e s t e d and r e c o g n i z e d ; 3) asbestos-
re la t ed d i s ea s e s t a t e s may p r o g r e s s i n d e p e n d e n t o f f u r t h e r
asbe s to s exposure.
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Human exposure to asbestos may occur through its contam-
ination of other minerals. A variety of minerals exist in
ore d e p o s i t s and quarries in varied habi t s , inc lud ing
f i b rou s forms and e longated cleavage f r a g m e n t s . Ther e are
over 150 minerals that may occur in f i b r o u s f orms as pub-


. l i shed recently by the Mine S a f e t y and H e a l t h A d m i n i s t r a t i o n .
Workers can be exposed unknowingly to these f i b r o u s minerals
of u n d e f i n e d b i o l og i ca l ac t ivi ty. Some mineral d e p o s i t s
contain a s b e s t i f o r m minerals as impuri t i e s . V e r m i c u l i t e is
an example of a mineral that can be contaminated with asbes-
tos ( t r e m o l i t e - a c t i n o l i t e ) d e p e n d i n g on the source of the
ore.


Since amphibo l e t r emo l i t e is not mined or used commer-
c i a l l y , no working p o p u l a t i o n s have been i d e n t i f i e d exposed
only to tremol i t e . T r e m o l i t e , however, may contaminate
sample s of commercial asbestos or talc. Animal s tudies with
tremol i t e have shown it to be both f i b r o g e n i c and tumori-
genic. There are numerous reported ep idemio log i ca l stud-
ies of miners and m i l l e r s expo s ed to t a l c contaminated with
amphibo l e ( t r e m o l i t e and a n t h o p h y l l i t e ) and surpent ine
( a n t i g o r i t e , c h r y s o t i l e , and l i z a r d i t e ) a s b e s t i f o r m minerals.


A review of the ta l c l i t erature seems a p p r o p r i a t e for com-
parison with this s tudy.
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Lung disease has been documented in workers exposed to
i n d u s t r i a l grade ta l c contaminated with a s b e s t i f o r m minerals.
Disease s imula t e s a s b e s t o s -r e la t ed di sease . Expo s ed workers
report symptoms of dyspnea (most common) and cough; phys ical
f i n d i n g s reveal dimini shed breath sounds , ba s i lar crep i ta-
t i ons , c l u b b i n g / and cyanosis. F o r c e d vital c a p a c i t y , one-
second f o r c ed expiratory volume, to ta l lung capac i ty and
carbon monoxide d i f f u s i n g c a p a c i t y are reported reduced.
A b n o r m a l i t i e s seen on chest ro en tgenograph inc lude ret iculo-
nodular parenchymal changes and p l e u r a l involvement inc lud-
ing p l a g u e s , th i cken ing and c a l c i f i c a t i o n . The mean dura-
tion of ta l c exposures was 20 years. The average dust expo-


6 2 — 6 7sure was 60-70 m i l l i o n p a r t i c l e s per cubic f o o t ( m p p c f ) .
In 35 workers exposed to t a l c contaminated with tremo-


l i t e and a n t h o p h y l l i t e , 34% revealed roentgenographic f i n d -
ings consi s tent with pneumoconio s i s ; 63 percent reported
dyspnea and 22% had lung c r e p i t a t i o n s on p h y s i c a l examina-
tion. The mean duration of exposure was 17 years. The mean
weigh t ed average dust exposure was 23 m p p c f and the mean
we igh t ed average f i b e r exposure >5 mm in l e n g t h was 159
f i b e r s / c c . A comparable group of workers exposed to a mean
weighted average dust and f i b e r s of 18 m p p c f and 43 f i b e r s /
cc d emon s t ra t ed a s i g n i f i c a n t increase in preva l ence of
d y s p n e a ( 2 3 % ) . 6 8 ' 6 9
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M o r t a l i t y s t ud i e s of t a l c miners and m i l l e r s f r o m the
northern part of New Y o r k S t a t e with 15 or more years of
exposure to talc dust and employed between 1940 and 1965
showed an increased p r o p o r t i o n a l m o r t a l i t y due to malig-
nancy of the lung and p l e u r a and f r o m pneumoconios i s or its
c o m p l i c a t i o n s : cor p u l m o n a l e , tub er cu lo s i s , broncho-
pneumonia. The mean durat ion of exposure was 24.7 years
with the to tal dust exposure averaging 340 m p p c f b e f o r e
1945 and 27.6 m p p c f between 1946 and 1965. The e lap s ed time
from f i r s t exposure to death caused by pneumoconiosis was
25.9 years. Death f r o m carcinoma of the lung or p l e u r a was
f o u r times the e xpe c t ed death rate and the m a j o r i t y of
death s occurred between 60 and 70 years of age. Another
s tudy o f the Gouverneur T a l c Di s t r i c t o f u p p e r New Y o r k
S t a t e revealed s imi lar r e su l t s . A more recent m o r t a l i t y
study of the same workers extended to 1969 showed 50 percent
f e w e r d ea th s due to pneumoconiosi s in the 1965-1969 p er i od s .
The improved mor ta l i ty was f e l t to be due to improved envi-


72ronmental contro l s and reduced dust l eve l s .
A recent morb id i ty s tudy on miners and m i l l e r s of t a l c


con ta in ing t r emo l i t e and a n t h r o p h y l l i t e f i b e r s i n d i c a t e d a
s i g n i f i c a n t increased prevalence of p l eura l thickening (31
p e r c e n t ) in workers having more than 15 years of employ-


73 74ment. ' W o r k e r s with p l e u r a l changes d emons t ra t ed
reduced pu lmonary f u n c t i o n t e s t s compared to workers without
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pleural changes; mean spirometry resul t s of the ta l c workers
were s i g n i f i c a n t l y lower than contro l s . The mean to ta l par-
t i c u l a t e and f i b e r exposure was 10.62 mg/m^ and 1.28 f i b e r /
cc >5 um in l e n g t h . T h e s e exposure l ev e l s did not neces-
sar i ly r e f l e c t pa s t exposure.


The present cross-sectional ep idemio log i ca l survey of
workers exposed to vermiculi te contaminated with t r emol i t e-
a c t i n o l i t e has s imi lar exposure l eve l s and rad i ograph i c
f i n d i n g s of the la s t mentioned t a l c morb id i ty s tudy. '
However , the t a l c miners and m i l l e r s were exposed to both
tremoli te and a n t h o p h y l l i t e . The la t t e r is known to be
as soc iated with p l eura l abnormali t i e s .


T h e r e is a recent report of 7,000 inhab i tant s around the
town of Cermik in southeast T u r k e y where many d e p o s i t s of
a s b e s t i f o r m mineral s occur and are used to make whitewash or
stucco. The survey revealed 6.5% with pleural thickening
and c a l c i f i c a t i o n ; 1.5% of the to ta l p o p u l a t i o n had evidence
of i n t e r s t i t i a l pulmonary f i b r o s i s . The whitewash or stucco
material contained f i b r o u s t r emo l i t e and n o n f i b r o u s anti-
g a s i t e / l i z o r d i t e , c h l o r i t e and t a l c . A lung b i o p s y of a
pa t i en t revealed large numbers of tremol i t e f i b e r s . A high
prevalence of m e s o t h e l i o m a s was noted in the Cermick p o p u l a -
tion compared to surrounding areas without a sbe s to s d e p o s i t s .


In the present s t u d y , the r e s u l t s o f the r e s p i r a t o r y
ques t ionnaire were compared to an internal control group wi th
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membrane f i l t e r counts per ml to midge t impinger counts
( m p p c f ) can vary f r o m 1.7 to 2 1 . 9 ) ; 4) the evaluation
technique; and 5) the nature of the f i b e r . The exposure
indice s for various job po s i t i on s in the present s tudy are
only e s t imate s based on previous avai lab l e indus tr ia l
hygiene data. In most l i k e l i h o o d the values undere s t imate
the true occupat ional exposure.


In a s t u d y of Quebec chryso t i l e asbe s to s miners, Grade
1 or greater p l e u r a l th i ckening occurred in 2.4 to 2.9% of
workers with l e s s than 10 dust-year exposures . P l e u r a l cal-
c i f i c a t i o n was seen in 0.0 to 0.7% of workers; co s tophrenic
angle o b l i t e ra t i on was observed in 4.4 to 5.1% of workers.
The prevalence of p l e u r a l abnormal i t i e s increased with age
as well as to tal dust exposure. In the Quebec s t u d y , 5
m i l l i o n p a r t i c l e s per cubic f o o r ( m p p c f ) was e s t imat ed to be
equivalent to 180 p a r t i c l e s per cubic centimeter ( p p c c ) , or
12 f i b e r s per cubic centimeter, d e p e n d i n g on the p r o p o r t i o n
of f i b e r s among the p a r t i c l e s . The to ta l dust exposure was
the sum of the p r o d u c t s of r e s p i rab l e dust l ev e l s m u l t i p l i e d
by the number of years worked at that dust l e v e l , corrected
to a 40-hour work week. T h e r e f o r e , 1 m p p c f 2: 2.4 f i b e r / c c


40and 10 dust-year exposure ^ 24 f i b e r / c c / y r .
The level o f cumulative exposure to a s b e s t o s - l i k e f i b e r s


at the company were g e n e r a l l y r e l a t i v e l y low when compared
to other s tud i e s . For r a d i o g r a p h i c e v a l u a t i o n , 48 a s s o c ia t e s
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exposure and h i s tory of p l e u r i t i c chest pain and pre-
sence of p l e u r a l changes on chest r a d i o g r a p h s .


5. Chest radiograph abnormali t i e s , mainly p l eural changes,
were seen in 22 a s s o c ia t e s , 4.4% of the p o p u l a t i o n
s t u d i e d . The e p i d e m i o l o g i c s t udy ind i ca t e s a s trong
trend towards a s t a t i s t i c a l l y s i g n i f i c a n t a s soc iat ion
between cumulative f i b e r exposure and p l eura l changes
noted on chest X ray. T h i s a s soc ia t ion was observed
with a lower cumulative f i b e r / c c / y r exposure than
general ly recognized in the medical l i terature.


6. The m a j o r i t y of reported r e sp ira tory symptoms did not
s i g n i f i c a n t l y correlate with f i b e r exposure.


7. T h e r e was no observed association between f i b e r expo-
sure and measurable change in sp irometry or CO d i f f u -
sion capac i ty .


8. T h e r e was e s s e n t i a l l y no r e l a t i o n s h i p between f i b e r
exposure and parenchymal abnormal i t i e s on chest radio-


f graph. However , parenchymal changes were rare. S i n c e
exposure l e v e l s were low, parenchymal changes may not
be expe c t ed .


9. No new cases of p l e u r a l e f f u s i o n were f o u n d d u r i n g the
cross-sect ional survey, but two cases d e v e l o p e d a f t e r
c ompl e t i on of the s tudy.
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10. As e x p e c t e d , a s trong s t a t i s t i c a l correlation was noted
between c igare t t e smoking, presence of r e sp ira tory symp-
toms and reduced sp irometry and CO d i f f u s i o n capac i ty .
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C H A P T E R X I I I


R E C O M M E N D A T I O N S


1. Continue to maintain the a s s o c i a t e s ' current exposure
to t r e m o l i t e - a c t i n o l i t e a sb e s t o s - l ike f i b e r s at the
lowest p o s s i b l e level through proce s s changes, environ-
mental contro l s and ore s e l e c t ion.


2. The indus tr ial hygiene data for some job po s i t i ons is
l i m i t e d . The indu s t r ia l hygiene monitoring program
should be expanded to in c lude all job p o s i t i o n s with
p o s s i b l e vermicul i te exposure. T h e 1976 O S H A regula-
tion for asbestos requires personal and area s a m p l i n g
for asbestos f i b e r l eve l s when airborne asbestos f i b e r s
are d e t e c t a b l e (0.1 - 0.5 f i b e r / c c ) . The r egu la t i on
f u r t h e r s t a t e s that s a m p l i n g be at in t erva l s not
greater than 6 months for employee s whose exposure to
asbes tos may reasonably be f o r e s e e n to exceed the 2
f i b e r / c c 8-hour TWA exposure limit or c e i l ing concen-


78trat ions of 10 f i b e r / c c .
3. P e r i o d i c a l l y i d e n t i f y exact t y p e o f f i b e r s c o l l e c t e d


during i n d u s t r i a l hygiene monitoring.
4. A n a l y z e various ava i lab l e vermicul i t e ores in unexpanded


and expanded f orms for the presence of f i b e r s . T h i s
should be p e r f o r m e d p e r i o d i c a l l y because of the source
v a r i a b i l i t y .
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5. If f i b e r s are i d e n t i f i e d in the ore ana ly s i s , they
should be analyzed as to type of f i b e r and chemical
compos i t ion.


6. .Incorporat e r e s u l t s of personal i n d u s t r i a l hygiene
monitoring in the medical records of the associates .
T h e da ta should inc lude type o f s a m p l e , f l o w rate,
date and time, duration of s a m p l i n g , person doing
s a m p l i n g , and the analys i s r e su l t s . A personal f i l e
of these r e su l t s a l l ows be t t er correlat ion of h ea l th
changes to workplace exposures . A central f i l e could
provide the same i n f o r m a t i o n , but may be more cumber-
some.


7. Cons id e r s t ar t ing an incentive program for the asso-
ciates to s t o p smoking. T h e r e i s a d e f i n i t e h e a l t h
hazard associated with c igare t t e smoking as demonstra-
ted by the observed s i g n i f i c a n t association between
smoking and respiratory symptoms and reduced spirometry
and CO d i f f u s i o n capaci ty. T h e r e is also the wel l-
documented synergi s t i c e f f e c t of c igare t t e smoking and
asbestos exposure with the development of lung cancer.


8. Survey the avai lab l e medical records of i n d i v i d u a l s
l i v ing within the community to document whether there
t ru ly i s an unusual c l u s t e r of b l o o d y p l e u r a l e f f u s i o n s
only in the company a s soc ia t e s .
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9. E s t a b l i s h a h e a l t h r eg i s t ry for all p r e s e n t , f u t u r e and
pa s t company a s soc ia t e s with p l e u r a l e f f u s i o n s or p l eu-
ral abnormalit ie s on chest radiograph. T h i s would h e l p
e s t a b l i s h i n f o r m a t i o n on the natural h i s t or i e s of these
abnormal i t i e s as they r e la t e to the more serious con-
sequences of asbestos exposure.


10. A s s o c i a t e s . w i t h p l eura l d i s ea s e should be f o l l o w e d
yearly with s tandardized history and phys i ca l exams,
chest r a d i o g r a p h s and spirometry. The tracking of the
p a r t i c i p a n t s and the retrieval of the medical in forma-
tion for each p a r t i c i p a n t could be the r e s p o n s i b i l i t y
of a U n i v e r s i t y M e d i c a l Center under contract to the
company.


11. Continue medical monitoring program ( h i s t o r y and
p h y s i c a l examination, chest r a d i o g r a p h and s p i r o m e t r y )
for all company as soc iate s exposed to airborne asbes-
t o s f i b e r s f r o m contaminated vermicul i t e .
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APPENDIX I
SAMPLE A-16475


T h i r t e e n f i b e r s were analysed with the e l e c t r on nicro s cope . Of t ho s e , f i v e
were variet ies in the t r eno l i t e — a c t i n o l i t e series ns de t ermined by selected
area d i f f r a c t i o n . E i o r p h o l o s y and e lemental c o m p o s i t i o n by x-ray d i sper s ive •analys i s . Four nore f i b e r s lacking good x-ray d i s p e r s i v e d a t a a p p e a r to bein the trcnolite — act inol i t c series. Three f i b er s are roeobers of theveriaiculitc group. One f i b e r vas not analyzed due to poor p o s i t i o n i n g onthe grid. ( F i b e r no. 2). The re sul t s are as f o l l o w s • ( S o m e f i b e r s showshrinkage f r o m vacuum and bean e f f e c t s ) .


1
3


678
91011


12
13


5.275.27
5.13


5.11


17.94
17.95


103*
110*
101*


17.14 —


I n d e x e d / P o l e


_
Y<510>


K


Corsaent
Tremol i t e -ac t ino l i c eTremolite-act inoli te .EDX not rel iable
Treno l i t e -a c t i ao l i t e CoRichteri te due to (K.Ka)
Treoo l i t e -a c t ino l i t eprobably,(no E D X )4.71 hexagonal p a t t e r n at one po s i t i on but tric5nic,verniculi te4.70 23.89 N Vcri s i cu l i t eI n s u f f i c i e n t p a t t e r n for f u l l analysis but appear s a s trenol i te-act inol i te4.03


5.27
•5.23
5.26


20.18
0.939.06


17.66


110*
100*98.5*


SK
Y < 0 l ' 5 ' >K


V e t m i c u l i t e
Trcmol i t e-ac t ino l i t e -no ECT r c m o l i t c - a c t i n o l i C c -no ECT r e n o l i t eTreno l i t e -a c t ino l i t e toRichtcrite


Daniel T. Ctane
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A P P E N D I X I I
D E P A R T M E l s r t f Q F H E A L T H & . H U M A N S E R V I C E S


U M e m o r a n d u m
Date 'April 14, 1981
ftom Chemist, MSSThrough: C h i e f ,
Subje c t Resets of the Microscopic Analy s i s of Four Aft F i l t e r s . Sequence 2881.
T o C h i e f , EIB, DROSAttention: John Zey


Four f i l t e r s collected st the Scott F e r t i l i z e r Company, M a r y s v i l l e , Ohio,were submitted for f i b e r count and f i b e r ident i f i ca t ion. The suspectedf i b e r on the f i l t e r s was tremoll te .
A wedge-shaped section approx imat e ly one-eighth of each f i l t e r was preparedfor Phase Contrast Microscopy (PC) via a M i l l i p o r e Procedure publ i shed in a1977 Technical Service Brief. Each preparation was then counted at 400Xmagni f i ca t i on on a microscope with a f i e l d area of 2.50 x 10-3 nm2.The criterion set f o r t h in Method Number P&CAM 239 in NIOSH Publicat ionNumber 77-157-A was f o l l o w e d in determining what was counted as a f iber.T h i s method d e f i n e s a f i b e r (for asbestos counting purpo s e s) as a particu-late which has a physical dimension longer than f iv e micrometers end alength to diameter ratio of 3 to 1 or greater. The results of this f i b ercount are tabulated et the end of the report.


A circular section approx imat e ly one centimeter in diameter was also takenfrom each f i l t e r and prepared for Electron Microscopy Analys i s (EM) via theZunwalde-Oement Procedure outlined in NIOSH Publicat ion Number 77-206.Each preparation was scanned at 10.000X magni f i ca t i on and a scan of 25 gridopenings revealed tremolite present on all four f i l t e r s .
F i b e r s composed of Ca&S, Ca&P and varying amounts of Mg, Al, Si and K werealso present, and the tremolite comprised less than IX of the total volumepresent in the 25 grid openings.
The high Ca <3.^) content shown by the EDAX spectra of f i l t e r number10-3252 is probab ly due to other par t i cu la t e matter on the f i l t e r .


Marilyn H a m a n s , Chemist,


juad C. Posner, Pn.D.C h i e f , M S S
Attachment s
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A P P E N D I X I I
Sequence 2881 - F i b e r Count


F i l t e rN o .


0-3241
0-3252
0-3292
0-3294


T o t a lF i b e r s


15
3.5
9
4


T o t a lF i e l d s


100
100
100
100


F i b e r s /F i e l d


0.15
0.035
0.09
0.04


oF i b e r s / m m


60
14
36
16


F i b e r s /F i l t e r


51,300
11,970
30,780
13,680
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Us


Fir.
Col.


23-27
1-3- 36


37


38


39


*0


41-44


45-46


47


48


49-52


53


A P P E N D I X


H e a l t h
c Nane: *~ ~1-12 ~ 1
it Nane T3-22" :


Pat i ent I D 1 * _ _ / _ _ .
Soc. S«e. I _ _ _ / _ _ / _ __ .
Sex K a l e 1


F e u l e 2
(ace W h i t e 1H a c k 2Oriental 3American Indian *S p . b o r n Aner. SOther 9


M a r i t a l S t a t u s : Never suirrled 1Married 2S e p a r a t e d 3D i v o r c e d / A n u l l e d *W i d o w 5


E d u c a t i o n :( h i g h e s t trade in schoolc o n p l e t e d ) C o l l e g e graduate 1Part ial C o l l e t * 2H i g h School grad. 3Part ial H i g h School 4Less than 9 years 5


/ O C C U P A T I O N A L H I S T O R Y /
When did you f i r s t begin ""' Tr<


working at ? — — — —
How suny years have youworked at ?
H a v e you var! cd atcont inuous ly? Xo 1


Ye* 2
W h a t la your present area ofe n p l o y s w n t at t |T r l o n l u operation 1 jC o n t r o l area 2P f l y f o a n area 3P a c k a g i n g 4Warehouse 5M a i n t e n a n c e 6Research 7 ,


F r o n t o f f i c e 8 •Other » ;


When did you f i r s t begin ^ V r ',
•wrking in t h i s area!


H a v e you ever worked in ano th erarea of e n p l o y n e n t at ? No 1 ',
Ye, 2 1


I I I


Survey
.ddreis
lione No.
n t e r v l e w
C o l .


5*


5S-5S
5~9-t2


63


64


65-68
69-72


73


74


75-78


79-82


83


84


85


86


87


d a t e / /


If yes, in what area did you
( I F 3 0 , S K I P T O C o l . S 3 ) ~


i»c« •nccrco
Date l e f t


Have you worked In motherarea of employment at No 1
Yei 2If yes, what wa* your previous


I F N O , S K I P T O C O L . S 3 .


Date entered HO. Yr.
Date l e f t


Have you worked In another No 1To 2If ye>, what wa» your previouswork area? ( I F ! I O . S T I P ' 0Col . S3)


Date l e f t _ _ _ _


H A V E S U B J E C T F I L L O U T E M P L O Y M E N T G R I D


H A V F . Y O V EVER U M K C D U I T H A N Y O F
T H E F O L L O W I N G M A T E R I A L S O R I N T H E
F O L L O W I N G J O B S ?
M l n t n c o r H i l l i n g o f K r 1
asbestos? Yes 2


OK *
H a n d l i n g o f a sbe s to s M t e r l a l s ?


No 1
Yes 2
OK »


Yes 2


F i l l e r a n d R r o u t i n i c ? N o 1Yes 2
DK 9


T e x t i l e s i a n u f a c t u r t n c . w i t ha s b e s t o s such as
c l o t h , c u r t a i n s , l a e n i n t . N o 1p r o t e c t i v e c l o t h l n i : . nail y e s 2
S e l l * ?
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F a g e 2
H e a l t h Survey


Name "» _ _ / _ _
M- 88


69


90


91


92


9J


94


95


96


97


98-101
102-105


f a p e r products containingasbe s to s such as Ho 1•111 board, r oo f ing . C e l t . Yei 2f i n e qual i ty e lectrical DK 9p a p e r s , f l o o r i n g f e l t .f i l l e r *
Asbe s t o s cement produc t s Ho 1i n c l u d i n g Tes 2***u-jt p i p e s , r o o f i n g a n d / o r DK 9shingles , gut ter s , vent i la t ions h a f t s , f l o w e r p o t s t
F r i c t i o n u t e r i a l s such as Ho 1ga sk e ta , c l u t c h p l a t e s . Yes 2brake l in ing s? DK 9
Asbes tos insulation product s Ho 1involving p i p e I bo i l er Yes 2insulation, bulkhead l in ing DK 9f o r s h i p s ?
New cons truc t ion work w i tha s b e s t o s i n c l u d i n gboards and t i l e s , pu t t i e s . No 1caulks, pa in t s . J o i n t Yes 2f i l l e r . I n s u l a t i o n DK 9•ater ia l s?
Repair and demol i t ion work? No 1Yes 2


DK 9
S h i p b u i l d i n g I n c l u d i n g N o 1in su la t i on naterial Cor Yes 2engine s , h u l l s , decks , DK 9l a g g i n g f o r v en t i la t i onand water p i p e s and cab l e s?
R e p a i r and r e f i t t i n g s h i p s So 1i ' i c h i s Y e s 2


I n s u l a t i o n n a t c r l a l for DK 9engines , h u l l s , d e ck s ,l a g g i n g f o r vent i la t i onand water p i p e s and cable s?


C o l .


11*


Ui


116


117


US


119


120


121


122


M a n u f a c t u r i n g or r e p a i r i n g of No 1 J
a u t o a o b l l e s invo lv ing Yes 2 !gaske t s , brake l inings. DK 9 1u n d e r c o a t i n g ? ;


H a v e you ever been expoied So 1 ! 1Jt


to a sbe s to s w h i l e at work? Yes 2 '
K 9 .tf yes. in what Job •£ — — — — —or o c c u p a t i o n ?1. : l"


Date entered _ / _


Have you ever been exposedo c cupa t i ona l ly to the f o l l o w i n gT a l c ? No 1Yes 2
DK 9


G r a p h i t e ? No 1Yes 2
DK


Fibrou s glas s? No 1Yes 2
DK 9


Mineral W o o l ? So 1Yes 2DK 9
Ceramic f i b e r ? No 1Yes 2


DK 9
F u l l e r ' s <irih? N o 1Yes 2


DK 9
Mica? No 1Yes 2


DK 9
F e r l l t e ? So IYes 2


DK 9


/ H E A L T H H I S T O R Y /
COUCH . NO YESDo you u s u a l l y have a cough?(Count a cough with f i r s tsmoke or on f i r s t g o i n g out-o f - d o o r s . Exc lude c l eaning
o f t h r o a t ) ( I f n o skip t oC o l J 2 « . l 1 2


Do you u sua l ly cough as suchss * to 6 t ines a day. * or
nore day s out of the week? I 2


Do you u s u a l l y cough at allon R e t t i n g up or f i r s t t h i n gin the n o m i n F ? 1 2


Do you u s u a l l y couth at alld u r i n t the rest o f the dayor ni*ht? 1 :
Date l e f t / * — — — — — — — — — — — — — —No? ?r7J .


106-109| Dice entured /
110-11)1 Date l e f t /
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H e a l t h Survey


Wame
Col.


1 J 2173174
17S176177178179180181182
183


184


189


186


187


188


189


190-191


192191
19419S196
197
198
199200
201
20!201


During vhlch Broth* do««your vhceiins fin you themost trouble? No IffJan. 1 2Feb. 1 2Mar. 1 2
Apr. 1 2M a y 1 2June 1 2J u l y 1 2Aug. 1 2S e p t . 1 2Oct. 1 2Nov. 1 2Dee. 1 2


tREATHLESSNESS f c t M


Are you disabled f rom walking , ,
by any condition other thanheart or lung diteaaet IFY C S , p l e a s e describe:


ir Y C f . HOU CO TO Col. 204.
Mo YesAre you troubled by shortnessof breath when hurrying on thelevel or walking up a slighthill* (If no, go to col.204) 1 2


IF YES TO 185:Do you have to walk slowerthan than p e o p l e of yourage on the level becauseof brea th l e s sne s s? 1 2
Do you ever have to s t o pfor breath when walkingat your own pace on thelevel! 1 2
Do you ever have to s t opf o r brea th a f t e r walking100 yards (or a f t e r afew m i n u t e s ) on the level? 1 2
Are you too b r e a t h l e s s toleave the house or haveb r e a t h l e s s n e s s on dresn-ing nr u n d r e s s i n g ? 1 2
For how l o n g have you been
short of breath? (years)
During which Months do you
have nost t r o u b l e w i th short-ness of breath? No Yes


J a n . 1 2 :


F e b . 1 2 j
M a r . 1 2 iA p r . 1 2 1M a y 1 2
J u n e 2J u l y 2Au«. 2
S e p t . 2Oct. 2 ;Nov. 2 1Ifec. 2 I


Col.


204


205


207-208


209


210


211


212-213


214


215


216-217


218


219


220-221


Page 4


ID! /


C H E S T COLDS A N D C H E S T I L L N E S S
If you get a cold, does it No Yesu s u a l l y go to your chest?( U s u a l l y means lore then1/2 the doe) 1 2


During the past 3 years, haveyou had any chest i l lne s s e sthat have kept you off work,indoors at hove, or in bed? 1 2
IF YES TO 205:


Did you produce ph l egmwith any of these chesti l lnesses? 1 2
In the last 3 years, howmany I l l n e s s e s with( I n c r e a s e d ) p h l e g m , did you
have which l a s t e d a week?or more? _ _


So YesHave you ever had any lungtrouble b e f o r e the age of16? 1 2
Have you ever had attacksof bronchiti s? 1 2


I F Y E S :
Uas it c on f i rmed by adoctor? 1 2
At what age was yourf i r s t a t tack? _ _


Have you ever had pneumonia *" Y<*
( i n c l u d e bronchopneumonia)? 1 2
I F Y E S


Uas it c o n f i r m e d by adoctor! 1 2
At what age did you f i r s thave it? _ _


:io Yes IKH a v e y o u ever h a d h a y f e v e r ? 1 2 4
I F Y E S


Uas it c o n f i r m e d by a
doc t or? 1 2 •*
At what age did it s t a r t ! _ _
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Bealth Survey


184


So Yaa
al.


"ui Have »" '«' ** Cht<mtC


U r o n c h l t U ?
I I T E S :


221 Do you »tUl have It!
224


P25-226


Va» It eon f i rmed by •
doctor?


2*3 Haa a d o c t o r ever t o l d youthat you had heart trouble! 1 2
I F T E S ,2** Rave you ever had treat-vent for heart troubleIn the past 10 years! 1 2


2*5 maa a doctor ever to ld you— - •—• M«h blood


At what age did it atartl
w Aou C had-nlghM.o.
biood preeeureT
It TES.


1 2 »


227 Have you ever had emphysema?
I F T E S .


22S Do you ( t i l l have it?
229 Haa It conf ined by a


- - ~*


2*6 H a v e you had any t r e a t - K i t
Er hi* Moo* »«••«« .(h,P«rr«.i.«) l» *« *"10 vearaT


0-231
doctor!


No Vea DH
2*7 (Have you ever auf f a r e d pain(loca t ed In your cheat vhlehl a t a d longer than 6 houra! 12 9


«* " " N O n e a I K ;i 2 9 iI48-253
|ir TES.


231 I oo you .till h»« it?
23*


r T E S .
-Hu«"°
«*• H" Hour.


Was It conf irmed by •
doctor?


235 | Do you currently requiremedicine or treatment for


136-237 1
238-239 1


« -hat age o" " «art? __1 » k 1 A
„ vou « lon,.rh.« , tt. «t 1 ^-' V J > f \ /
,,h.t age .1- " «.P' - -J \ »J A \ "1— — — — — — — — — — — — i n - * » r


1 w« «•« »" •*",*"* "y eth" i » • S VI cheat t l l n e a a ? \ \


t_____If yea. pl«" •B« t f ! r • "*
- — — — — — — — — 1 2 S 5L_J== — ; -


1 211 H a v e you .«. had «y cheat j , , ', «'1 | opera t l ona? ; Z J g


I I I yea. p l e a s e a p e c l f y \ _ — — — .hzuzzz^ = I W I


i 'FKONT ' **CK So Tea
M l d c h e a t 1 '
A n t e r i o r 1 *


l a t e r a l 1 *
F o a t e r l o r 1 J


M l d b a c k I ;


——— - — — — — ' "~ So Tel
Bid the pa in Mt «r.ewhen you took a d e e p 2breath!


2*2 Wave you ever had any cheatt l n l u r l e a ?
I, i a i 260 |0id* t Ir he


vou have a f e v e r w i t h


l( yea, p l e a t e a p e c i f y


l ythe cheat pain?
I F Y E S ,


1 1


261 | Vas t e n p e r a t u r e l O O t For more by themoa«ter? 1 2
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Col. 262


26}


264


26}


266


26?


268


269-270


271


272
273


274


275
276


277-278
:;»-:»o


:<i


292-28]


:84


:ss


H e a l t h Survey
H A K E


Ho Yet OK Col.
Old you have thaking chil l* 286-287with the f ever and chettpaint 1 2 * 288-290
Did you hmvc « cough witht h e f e v e r e n d chett paint 1 2 9 2 9 1
Did cheat pain worsen vhenyou walked or exerted your-s e l f a n d improve with r e a t T 1 2 9
Did you aee a phya l c lan for • 292your cheat pain? 1 2 9
Were you h o t p l t a l l i e d f ort h e chett pain? . 1 2 9
IF TK TO 265 or 266. Till OUT
C O X S E C T F O R M


Have you ever had pulmonaryt u b e r c u l o t i a or h l t t o p l a t n o t l t ? ! 2 9 293
I F Y E S , w a t I t c o n f i r m e d b ya doc tor? 1 2 9 294-295
At what age did it t tart? _ _


Ko Yet DX. 296-297Have you ever had a TB akintett (PPD or T i n e ) ? 1 2 )
I F T E S


W h i t were the r eaul ta? 298
p o a l t l v e 1 2 9 299-300negative 1 2 9


Have you ever coughed upb l o o d ? 1 2 9 3 0 1
I F U S : t _


d o y o u t t i l l d o i t ? 1 2 9 3 0 2
vat it c o n f i n e d by ado c t or? ' 1 2 9
age a t a r t e d ?


l nunber of occasion*? -~ 303-304
Hat a d o c t o r ever t o l d you So Y" "*j t h a t TOU had a p u l m o n a r yj e s b o l u t or blood c lo t on 305-306j y o u r lungs? 1 2 9
I f y e t a g e a t occurrence?


• — — — — — — — — — — - — — — — — — — — — — — — — — — — — — 307-J08
JHave you taken blood chin- *" Y" DK


wer* ( a n t i c o a i c u l a n t t ) ? 1 2 9
t f Y S Si


! Wiy?
1 309-310


I 311-312


rage 6


I D I _ _ / _ _ _


Age
L e n g t h of tine taken? _ _week* "~ ~
Are you a t l l l taking "" Y"* DK


then? 1 2 9


TOBACCO S M O K I N G K o Y e *
Rave you ever smoked cigar-a t t e s ? (Mo swans let* than20 pack* of c igare t t e* or 12
ox. of tobacco In a l i f e t i m eor 1*** than 1 c igaret te aday for a year) 1 2
(IF KO CO TO COt. 302.)
I F T E S


Do you now eraoke c igare t t e*(a* of 1 nontS ago)? 1 2
How old were you when youf i r s t s t a r t e d regular cig-arette smoking?
I f y o u ( t o p p e d unkingc i g a r e t t e s c o s p l e t e l y , howold were you vhen you• t o p p e d ? _
How many c i t a r e t t e s do youmoke per day now?
On the average of the entiretine you anoked. how nanyc i g a r e t t e a did you smoke?per day
Do or did you inha l e the No Ye*c i g a r e t t e tawke? 1 2


Have you ever inoked a p i p er e g u l a r l y ? (Ye* aeant norethan 12 oz. of tobacco in a
l i f e t l M . ) I 2
IF NO CO TO COL. 313.
I F Y E SHow old were vou when youa t a r t e d to >aok* a p i p er e n u l a r l y ? _


I f y o u have a c o p p e d tnokinxa p i p e c o m p l e t e l y , how o ldwere you when you s t o p p e d ?


tiae you smo<ed p i p e t obac co ,how nuch p i p e t obac co did you•aoka per wee«?(a s t a n d a r d p o u c h contains ~ ~
1 1 / 2 o z . )
How aiuch p i p e t obacco are


week) No YetDo you or did you i n h a l e ^the p i p e vaake? 1







1C6


name
Col. *>313 Hava you avar sooked cigarsragularly? (Yaa meana morethan 1 cigar a weak for ayaar) (IF MO CO TO COL 323) 1


T F Y E S .
314-315 Bow old uara you whan youstartad smoking cigarsragularlyt
316-317 If you hava a t o p p a d smokingcigars c o m p l e t e l y , how old•are you vhan you s t o p p a d ?
318-319 On tha average, over thaantira tlaa you smokedcigars, hov many cigarsdid you amoka par waak?


No322 Do you or did you inhalatha cigar saoke? 1
No


/ F A M I L Y H I S T O R Y /
Was your natural f a t h a r avert o l d by a do c t or that ha had


323 Chronic bronchit i s? 1
324 Eophyseoa? 1
323 Asthaa? 1
326 Lung Cancer? I
327 Other chest c ondi t i on s? 1
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Low-Level Fiber-induced Radiographic Changes Caused
by Libby Vermiculite
A 25-Year Follow-up Study


Amy M. Rohs1, James E. Lockey1, Kari K. Dunning2, Rakesh Shukla3, Huihao Fan3, Tim Hilbert3, Eric Borton3,
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Rationale: From 1921 to 1990, vermiculite ore from Libby, Montana,
was shipped worldwide for commercial and residential use. A 1980
study of a manufacturing facility using Libby vermiculite was the first
to demonstrate a small but significant prevalence of pleural chest
radiographic changes associated with amphibole fibers contained in
the ore.
Objectives: This follow-up study of the original cohort evaluated the
extent of radiographic changes and cumulative fiber exposure (CFE)
25 years after cessation of exposure.
Methods: From the original cohort of 513 workers, 431 (84%) were
living and available for participation and exposure reconstruction.
Of these, 280 (65%) completed both chest radiographs and inter-
views. Primary outcomes were pleural and/or interstitial changes.
Measurements and Main Results: Pleural and interstitial changes were
demonstrated in 80 (28.7%) and 8 (2.9%) participants, respectively.
Of those participants with low lifetime CFE of less than 2.21 fiber/
cc-years, 42 (20%) had pleural changes. A significant (P , 0.001)
exposure–response relationship of pleural changes with CFE was
demonstrated, ranging from 7.1 to 54.3% from the lowest to highest
exposure quartile. Removal of individuals with commercial asbestos
exposure did not alter this trend.
Conclusions: This study indicates that exposure within an industrial
process to Libby vermiculite ore is associated with pleural thickening
at low lifetime CFE levels. The propensity of the Libby amphibole
fibers to dramatically increase the prevalence of pleural changes
25 years after cessation of exposure at low CFE levels is a concern in
view of the wide national distribution of this ore for commercial and
residential use.


Keywords: vermiculite; pleural disease; amphiboles; fibrosis; mineral


fiber


Vermiculite is a micaceous mineral that expands nearly 20 times
its original size when heated (1). The expanded form has in-
sulating and absorbent properties, and has been used in nu-
merous residential and commercial applications (1, 2). From the
1920s to 1990, the Libby, Montana, mine produced up to 80% of


the world’s vermiculite supply and shipped it to over 200 re-
gional processing facilities (3, 4). In 1979, the U.S. Environmen-
tal Protection Agency (EPA) estimated that 13 million people
lived within the vicinity of these facilities and 106 million people
were exposed to consumer products containing vermiculite (5).


A cluster of bloody pleural effusions in workers sparked
a 1980 study at a facility that was expanding Libby vermiculite
for use as an inert carrier for lawn care products (6). This was
the first published study to identify health risks from the am-
phibole fibers contained within the Libby vermiculite ore. Chest
radiographic changes (excluding solitary blunting of the costo-
phrenic angle), similar to that found with commercial asbestos
exposure, were demonstrated in 2.2% of the overall cohort and
8.4% of the highest cumulative fiber exposure (CFE) group (6).


This follow-up study reevaluated the current chest radio-
graphic status of the original 1980 worker cohort 25 years after
their last Libby vermiculite exposure. The objectives were to
determine the magnitude of any increased prevalence of chest
radiographic changes and to determine the CFE level associated
with these changes. Some of the results of this study have been
previously reported in the form of an abstract (7).


METHODS


Participants and Interviews


The eligible cohort included the original 512 participants (6) plus 1
additional worker identified from the original records. In 1980, these
513 participants had an average age of 37.5 (range, 16–66) years; 93.8%
were male and 96.8% were white. Current data were collected between
2004 and 2005. Each worker received a letter describing the study and
signed an informed consent. Those living within 50 miles of the facility
completed in-person interviews and chest radiographs at a nearby site.
Those who were living farther away completed telephone interviews
and obtained chest radiographs from nearby medical facilities. Inter-
views inquired about pulmonary history and job history since 1980.
Potential exposures to regulated commercial asbestos minerals, such as


AT A GLANCE COMMENTARY


Scientific Knowledge on the Subject


It has been previously demonstrated amphibole fibers can
cause pleural thickening and interstitial fibrosis related to
latency from initial exposure and duration of exposure.


What This Study Adds to the Field


Pleural and interstitial changes can occur at low lifetime
cumulative amphibole fiber exposure levels in a dose–
response manner.
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amosite, chrysotile, or crocidolite, were evaluated in the 1980 study for
all subjects and again in 2004 for all repeat participants. These data
were used in a subanalysis to exclude all those with reported com-
mercial asbestos exposure.


Chest Radiographs


Posteroanterior chest radiographs were classified independently by
three board-certified radiologists who are ‘‘B’’ readers using the 2000
International Labor Office International Classification of Radiographs
of Pneumoconioses (8). Radiologists were blinded to all identifiers and
10% known normal radiographs from another study were randomly
interspersed with the study films. Pleural changes that were considered
were localized (pleural plaques) and/or diffuse pleural thickening.
Localized pleural thickening was defined as thickening with or without
calcification, excluding solitary costophrenic angle blunting (8). Diffuse
pleural thickening was pleural thickening, including costophrenic angle
blunting, with or without calcification (8). Interstitial changes were
defined as irregular opacities, profusion of 1/0 or greater (8). For this
analysis, a radiographic reading was defined as positive when the me-
dian classification from the three independent B readings was consis-
tent with pleural and/or interstitial changes. Radiographs classified as
unreadable were not used. The original chest radiographs from the
1980 study were unavailable.


Environmental Measurement


The company in the original 1980 study began vermiculite expander
operations in 1957 and subsequently used Libby vermiculite ore from
1963 to 1980 (9). Initial environmental measurements beginning in 1972
were obtained by collecting airborne fibers on membrane filters at
a sample rate of 2 L/minute (6). Particles greater than 5 mm in length,
less than 3 mm in diameter, and with an aspect ratio of 3:1 or more were
counted as fibers (6). Before 1976, industrial hygienists followed a
worker with a sampling device (6), and subsequent levels were ob-
tained by personal breathing zone sampling (6). Fiber exposure dif-
fered greatly by department (6).


The primary independent variable was CFE in fiber/cc-years. The
reconstructed CFE was calculated using the traditional approach of
multiplying the 8-hour time-weighted average (TWA) by the number
of years at the TWA summed over all years (6). Objective estimates of
total workdays per year were unavailable because of extensive over-
time as reported by some workers through worker interviews (6, 9).
Due to new environmental controls, there was a decrease in fiber ex-
posure after 1973. Therefore, each department was assigned two val-
ues, fiber exposures through 1973 and exposures after 1973 (6). Each
participant was assigned a CFE value, which was the summation of
estimated fiber exposure by department, based on the years employed
between 1963 and 1980.


Evaluating Participation Bias


Participation versus nonparticipation bias for living workers was as-
sessed by comparing age as of July 1, 2004, sex, smoking history (yes/
no), hire date (<1973, .1973), and CFE. Characteristics of those who
participated in 1980 but were deceased before the 2004 study were also
assessed. To examine potential participation bias, the initial analysis
included all participants and living nonparticipants, assuming the latter
had normal chest radiographs.


Because of possible misclassification of historical fiber exposure on
or before 1973, analysis was also performed on all participants and
living nonparticipants hired after 1973. In addition, results of analyses
were also reported for participants and living nonparticipants after
excluding those who reported potential commercial asbestos exposure
on the basis of their respective 2004 and 1980 interviews.


Data Management and Statistical Analysis


For this 25-year follow-up study, questionnaire data were entered
directly into the computer during the interview using SAS PROC
FSEDIT (Version 9.1; SAS Institute, Cary, NC) and stored as SAS
datasets. All radiographic classifications were double entered manually
using SAS FSEDIT, and compared using SAS PROC COMPARE to
identify data entry errors.


Mean CFE values were compared between those with and without
chest radiograph changes using t tests (at least 30 participants per
group) and the Wilcoxon-Mann-Whitney test (,30 participants per
group). CFE was also characterized dichotomously (,1 fiber/cc-years,
>1 fiber/cc-years) and by worker-exposure quartiles. To further assess
the relationship of pleural changes to CFE, the analysis progressed from
univariate and bivariate to multivariate analyses. Cofactors included
were as follows: age (40–49, 50–59, >60 yr), smoking history (yes/no),
body mass index (BMI), sex, and hire date (<1973, .1973). BMI was
calculated with height and weight measurements from local screening
and categorized in accord with public health recommendations (<24.9,
25–29.9, >30 kg/m2) (10). No BMI values were calculated for those
who underwent telephone interviews. A trend between pleural changes
by quartile and CFE was assessed using the Cochrane Armitage test
and two-sided P values. This test was repeated after removal of indi-
viduals who reported potential commercial asbestos exposure.


To determine the effect modification of the cofactors with regard to
the relationship between CFE and pleural changes, a series of logistic
regression models were conducted adding individual cofactors. To
evaluate the multicollinearity, PROC REG in SAS and the variance
inflation factor (VIF) were used as criteria to detect the presence of
any serious collinearity. A VIF greater than 10 indicates serious
collinearity, and none of the VIFs of the predictors in these analyses
exceeded 5. Furthermore, the effect of our key exposure variable was
quite stable regardless of which other predictors were present in the
model. Goodness-of-fit was determined using the Hosmer-Lemeshow
test. Crude and adjusted odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated for pleural changes (yes/no) in each,
with the reference category calculated as the CFE below the 25th
percentile. By assessing all models and obtaining the ORs for each, the
robustness and consistency of CFE effect on the probability of pleural
changes were ascertained.


RESULTS


Population


Of the original 1980 cohort (n 5 513), 82 (16.0%) were de-
ceased. Of the remaining 431 workers, 298 (69.1%) participated
in this study, 55 (12.8%) refused, 70 (16.2%) were located but
did not respond, and 8 (1.9%) were not located and were pre-
sumed living because they were not found in the National
Death Index. Of the 298 participants, 280 (94.0%) had complete
interviews and readable chest radiographs, representing 65.0%
of the original cohort (431) still alive after 25 years. Of the 280
participants, 274 (97.9%) were white. As shown in Table 1, the
participants and nonparticipants were not significantly different
in terms of sex or age. Participants, however, were significantly
more likely than living nonparticipants to have been hired on or
before 1973 (66.4 and 49.7%, respectively), and had significantly
higher mean CFE (SD) at 2.48 (4.19) and 1.76 (3.44) fiber/cc-
years, respectively. The range in CFE for the two groups was
almost identical.


The distribution of participant CFE by percentiles was 0.28
at the 25th, 0.85 at the 50th, 2.20 at the 75th, and 9.32 CFE at
the 90th percentile (data not shown). The highest mean CFE
(SD) was in deceased workers at 3.31 (4.69) fiber/cc-years. Hire
date, age, and sex in participants were associated with CFE
(data not shown). For the 186 participants hired in 1973 or
before, the mean CFE of 3.58 (4.77) fiber/cc-years was higher (P
, 0.001) compared with 94 hired after 1973 at 0.30 (0.41) fiber/
cc-years. Also, there was a significant trend of increasing age
with higher CFE (P , 0.001), and the mean CFE of the 16
women was lower (P , 0.001) compared with men.


Pleural Changes


The prevalence of pleural changes for participants was 28.7%,
and after combining participants (280) and living nonparticipants
(151) it was 18.6%. This latter percentage was derived from the
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most conservative analytical approach because it assumed that
all living nonparticipants had normal radiographs. Comparing
the higher exposed quartiles to the reference quartile, Table 2
shows a significant trend (P , 0.001) of increasing pleural
changes with increasing CFE. A similar significant trend (P ,


0.001) was seen in 368 participants and living nonparticipants
after removal of those with potential commercial asbestos
exposure (data not shown). Within this latter group, the overall
prevalence was 18.7% (69), and changes by exposure quartile of
CFE were 4.4% (4), 10.9% (10), 21.7% (20), and 38.0% (35).
Crude ORs were significant in the third (CFE range, 0.81–1.99
fiber/cc-years) and fourth (CFE range, 2.00–19.03 fiber/cc-years)
exposure quartiles.


No pleural or interstitial changes were noted by any of the
radiologists regarding the known normal films from another
study that were randomly interspersed with the study films.
Also, no additional individuals with a potential commercial as-
bestos exposure were identified in the 2004 participant inter-
views that were not previously identified in the original 1980
interviews.


The prevalence of pleural changes in the 280 participants
was 28.7%. Of the participants with pleural changes, 64 had
localized pleural thickening only, 10 had diffuse pleural thick-
ening only, and 6 had both pleural thickening (4 localized and 2
diffuse) with interstitial changes. Of the 80 participants with
pleural changes, 53 (66.3%) were bilateral, 14 (17.5%) unilat-
eral, and 13 (16.3%) split unilateral–bilateral, the latter as


classified by two radiologists. The mean time (SD) since initial
Libby vermiculite exposure for the 80 participants with pleural
changes and the 200 without pleural changes was 36.8 (4.9)
years (median, 37.9) and 32.1 (5.5) years (median, 31.0), respec-
tively. Participants with any pleural change (80) had significantly
greater (P , 0.001) mean CFE (SD) compared with the 200 par-
ticipants without pleural changes: 4.77 (5.72) fiber/cc-years (me-
dian, 1.99) and 1.56 (2.94) fiber/cc-years (median, 0.62), respec-
tively. Comparing the higher exposed quartiles to the reference
quartile, Table 3 shows a significant trend (P , 0.001) of increas-
ing pleural changes with increasing CFE. Of the 252 participants
reporting no commercial asbestos exposure, 69 (27.4%) dem-
onstrated pleural changes with a similar significant trend of
increasing pleural changes with increasing quartile CFE (P ,


0.01), with a prevalence of 6.4% (4), 19.1% (12), 33.3% (21),
and 50.8% (32), respectively (data not shown). Crude ORs were
significant in the third (CFE range, 0.86–2.37) and fourth (CFE
range, 2.38–19.03) exposure quartiles.


An analysis of 94 participants (10 cases) and 75 living non-
participants hired after 1973 when more comprehensive envi-
ronmental measurements were available demonstrated a similar
trend of increasing pleural changes across increasing exposure
quartiles, which was not significant (P 5 0.09) due to fewer
cases. Within the highest CFE quartile (range, 0.30–2.13), the
prevalence was 11.9% (5) with a crude OR of 5.68 (95% CI,
0.63–50.82). Similar trends (P 5 0.18) were found after removal
of individuals with potential commercial asbestos exposure.


TABLE 1. DEMOGRAPHICS AND CUMULATIVE FIBER EXPOSURE OF PARTICIPANTS VERSUS
NONPARTICIPANTS*


Participants


(n 5 280)


Nonparticipants


(n 5 151)†


Deceased


(n 5 82) P Value‡


Age,x mean yr (1 SD) 59.1 (10.5) 59.4 (11.3) 74.0 (11.2) 0.53


Agex range, yr 44–87 44–86 46–91 —


Male sex, n (%) 264 (94.3) 137 (90.7) 80 (97.6) 0.17


Ever smoked,k n (%) 164 (58.6) 100 (66.2) 62 (75.6) 0.11


Hired before or during


1973, n (%)


186 (66.4) 75 (49.7) 69 (84.2) 0.001


Mean (1 SD) cumulative amphibole


fiber exposure, fiber/cc-years


2.48 (4.19) 1.76 (3.44) 3.31 (4.69) 0.06


Range of cumulative amphibole


fiber exposure, fiber/cc-years


0.01–19.03 ,0.01–19.02 ,0.01–19.02 —


* Deceased persons were members of the original 1980 cohort who had death certificates dated before March 2004 when


interviewing started.
† This group is made up of both nonparticipants and those who did not fully complete the 2004 study: 133 were not located,


refused, or did not respond; 11 only completed the interview; and 7 had unreadable chest radiographs.
‡ P value compares participants and living nonparticipants.
x Age as of July 1, 2004 (year of interviews), for the original 1980 cohort. For those deceased, this is the age they would be if still


living.
k Smoking as reported in the 1980 questionnaire.


TABLE 2. PREVALENCE OF PLEURAL RADIOGRAPHIC CHANGES* ACCORDING TO QUARTILES OF
CUMULATIVE FIBER EXPOSURE IN 280 PARTICIPANTS AND 151 LIVING NONPARTICIPANTS†


Exposure


Quartile


Range of Amphibole


Fiber Exposure


(fiber/cc-years)


No. of


Workers


No. of Workers


with Pleural Radiographic


Change* (%)‡ Crude OR 95% CI


First 0.005–0.24 108 4 (3.7) Reference —


Second 0.25–0.74 108 15 (13.9) 4.19 1.34–13.08


Third 0.75–1.91 108 20 (18.5) 5.91 1.95–17.93


Fourth 1.92–19.03 107 41 (38.3) 16.15 5.53–47.17


Total 431 80 (18.6)


Definition of abbreviations: CI 5 confidence interval; OR 5 odds ratio.


* The 80 workers with pleural radiographic changes included 68 with localized (85%) and 12 with diffuse pleural thickening


(15%).
† Assumes nonparticipants have no pleural radiographic changes.
‡ Significant trend, P , 0.001.
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Participants with localized pleural changes only and no re-
ported commercial asbestos exposure (56) had significantly higher
(P , 0.01) mean CFE (SD) level compared with the 181 par-
ticipants with normal chest radiographs and no reported com-
mercial asbestos exposure: 3.45 (4.95) fiber/cc-years (median,
1.52) and 1.55 (2.89) fiber/cc-years (median, 0.62), respectively.
Comparing the higher exposed quartiles to the reference quar-
tile, there remained a significant trend (P , 0.001) of increasing
localized pleural changes with increasing CFE, with a prevalence
of 6.7% (4), 18.6% (11), 28.8% (17), and 40.7% (24) (data not
shown). Crude ORs were significant for the third (CFE range,
0.84–1.88) and fourth (CFE range, 1.88–19.03) exposure quartiles.


Hire date and age of the participants also were significantly
associated with pleural changes (P , 0.001) (Table 4). Partic-
ipants hired on or before 1973 were more likely to have pleural
changes (37.6%) compared with 10.6% for those hired after
1973 (crude OR, 5.07; 95% CI, 2.47–10.41). Furthermore,
participants 60 years or older had significantly increased odds
of pleural changes compared with those 40 to 49 years old. Also,
within both the ,1 and >1 fiber/cc-year categories, prevalence
of pleural changes increased with age (Figure 1). The highest


prevalence in the ,1 and >1 fiber/cc-year categories were in the
601-year-old age groups at 38 and 47%, respectively.


Figure 2 depicts the association between pleural changes in
participants and CFE using different regression models. The
ORs and 95% CIs are shown for each exposure quartile, with
the first quartile as reference. Each model demonstrates the
same trend: increasing pleural changes with increasing CFE.
Lack of multicollinearity was reflected in the stable results of
the modeling, with the exposure–response relationship remain-
ing the same as different models were constructed. No signif-
icant interactions were found. Hosmer-Lemeshow, Pearson, and
Deviance goodness-of-fit tests for all models indicated that the
assumptions were met.


Diffuse Pleural Thickening


Among the 80 participants with pleural changes, 12 (15%)
demonstrated diffuse pleural thickening, 8 unilateral and 4
bilateral, and 2 of these had concomitant interstitial changes.
The mean CFE (SD) for the 10 with diffuse pleural thickening
alone was 8.99 (5.16) fiber/cc-years, and was significantly greater
(P , 0.001) than in the 198 participants with no radiographic


TABLE 4. PREVALENCE OF PLEURAL RADIOGRAPHIC CHANGES* IN 280 PARTICIPANTS ACCORDING
TO VARIOUS COFACTORS


Variable No. of Workers


No. of Workers with Radiographic


Pleural Changes (%) Crude OR 95% CI P Value


Hire date


Hired on or before 1973 186 70 (37.6) 5.07 2.47–10.41 ,0.001


Hired after 1973 94 10 (10.6) Reference — —


BMI,† kg/m2


<24.9 28 8 (28.6) Reference — —


25–29.9 101 31 (30.7) 1.11 0.44–2.79 0.52


>30 110 27 (24.5) 0.81 0.32–2.06 0.43


Smoking history (ever smoked)‡


Yes 184 55 (29.9) 1.21 0.70–2.11 0.50


No 96 25 (26.04) Reference — —


Age at time of interview, yr


40–49 55 5 (9.1) Reference — —


50–59 116 28 (24.1) 3.18 1.16–8.76 0.03


>60 109 47 (43.1) 7.58 2.80–20.49 ,0.001


Sex


Female 16 1 (6.3) Reference —


Male 264 79 (29.9) 6.40 0.83–49.32 0.07


Definition of abbreviations: BMI 5 body mass index; CI 5 confidence interval; OR 5 odds ratio.


* The 80 workers with pleural radiographic changes included 68 with localized (85%) and 12 with diffuse pleural thickening


(15%).
† n 5 239 for BMI due to 38 persons undergoing phone interview and 3 persons with onsite interviews who were not measured


for height and weight.
‡ Smoking history as recorded in 2004 questionnaire. Of these 280 participants, 20 persons reported never smoking in the


1980 questionnaire but subsequently reported a history of smoking in the 2004 questionnaire (either current or ex-smoker).


TABLE 3. PREVALENCE OF PLEURAL RADIOGRAPHIC CHANGES* ACCORDING TO QUARTILES OF
CUMULATIVE FIBER EXPOSURE IN 280 PARTICIPANTS


Exposure


Quartile


Range of Amphibole


Fiber Exposure


(fiber/cc-years)


No. of


Workers


No. of Workers


with Pleural Radiographic


Change (%)† Crude OR 95% CI


First 0.01–0.28 70 5 (7.1) Reference —


Second 0.29–0.85 72‡ 17 (24.6) 4.02 1.39–11.60


Third 0.86–2.20 68‡ 10 (29.4) 5.42 1.90–15.46


Fourth 2.21–19.03 70 38 (54.3) 15.44 5.55–42.98


Total 280 80 (28.7)


* The 80 workers with pleural radiographic changes include 68 with localized (85%) and 12 with diffuse pleural thickening


(15%).
† Significant trend, P , 0.001.
‡ Two observations in the second quartile and two in the third quartile had exact exposure values at the 50th percentile cutoff


point. Rounding put these four observations into the second quartile.
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changes at 1.48 (2.78) fiber/cc-years. The mean CFE of these 10
participants was also significantly greater (P , 0.001) than the
64 participants with localized pleural changes alone, which was
3.37 (4.84) fiber/cc-years. Of these 10 participants, removal of
2 participants who reported commercial asbestos exposure
resulted in a similar mean CFE of 8.00 (5.32) fiber/cc-years.


Interstitial Changes


Eight (2.9%) participants had interstitial changes versus one
(0.2%) participant in the original 1980 study (6). These eight
individuals were older (mean age, 78.5 yr; SD, 6.6) and six of
eight smoked cigarettes (mean pack-years, 41.1; SD, 28.2). The
median profusion scores for each of these eight participants
were as follows: 1/0 (for one participant), 1/1 (for three
participants), 2/1 (for one participant), 2/2 (for one participant),
2/3 (for one participant), and 3/2 (for one participant). Their
mean CFE (SD) of 11.86 (6.46) fiber/cc-years was significantly
greater compared with the 198 participants with no radiographic
change (P , 0.001), and the 64 with only localized pleural
changes (P , 0.001). Of these eight, there were two with diffuse
and four with localized pleural thickening, and one reporting
commercial asbestos exposure. All eight with interstitial changes
occurred at the 72% or greater maximum CFE range, with six
occurring at the 90% or greater range. Removal of the one
individual with reported commercial asbestos exposure did not
appreciably change the mean CFE at 11.37 (6.82) fiber/cc-years.


DISCUSSION


The unprocessed vermiculite ore mined until 1990 in Libby,
Montana, contained 0.1 to 26% naturally occurring amphibole
fibers (11, 12). Historically, these amphibole fibers were typi-
cally characterized as ‘‘tremolite’’ or ‘‘soda-tremolite’’ asbestos
(13). Additional characterization with improved technology in
conjunction with newer mineral classifications indicates that
these fibers vary in chemical composition, including within
a single fibrous particle, and are best described in decreasing
order of abundance as winchite, richterite, and tremolite (13).


This follow-up study of workers who processed Libby
vermiculite ore demonstrates a significant increase in pleural
changes, from 2.0% in the 1980 study to 28.7% in 2005 (6).
Pleural changes are directly related to CFE, with the greatest
prevalence (54.3%) in the highest exposure quartile (range,
2.21–19.03 fiber/cc-years) of participants. Regression models
consistently demonstrate an exposure-dependent relationship
at low CFE levels. With an additional 25 years after cessation
of exposure to Libby vermiculite, the prevalence of pleural
changes increased with age, including in those workers with less
than 1 fiber/cc-year lifetime CFE as reflected in Figure 1. An
increase in interstitial changes was also noted from 0.2% in 1980
to 2.9% in 2005 (6).


These types of radiographic changes are predominantly due
to past exposures to commercial asbestos in the workplace.


Figure 1. Prevalence of pleural radiographic changes


including localized and diffuse pleural thickening by


age and cumulative fiber exposure (,1 and >fiber/cc-


years). Dark gray bars 5 fiber/cc-years , 1; light gray
bars 5 fiber/cc-years > 1; black bars 5 proportion of


diffuse pleural thickening. Numbers above bars 5


localized/diffuse; numbers below bars 5 total number
of participants in each category.


Figure 2. Association of pleural radiographic changes


with cumulative fiber exposure, according to models


including various cofactors. BMI 5 body mass index;


CFE 5 cumulative fiber exposure in quartiles; hire 5


date of hire. For each model, CFE quartiles 2, 3, and 4


are represented in sequential order. Odds ratios with


95% confidence intervals are represented on a log
scale.


634 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 177 2008







Studies of U.S. populations with no reported asbestos exposures
have found a low prevalence of pleural changes, ranging from
0.2 to 1.8% (14, 15). National Health and Nutrition Examina-
tion Surveys (NHANES) I and II evaluated radiographs from
two temporally distinct cross-sections of the U.S. population
with unknown exposures (16, 17). NHANES II indicates an
overall prevalence of 3.9% for localized pleural changes (pla-
ques) among those aged 35 to 74 years (17). This prevalence
almost doubled from the 1971–1975 to the 1976–1980 cohort
(17). Within our study, a similar background prevalence at 3.7%
was identified within the lowest exposure quartile (<0.24 fiber/
cc-years) using a conservative analytical approach through
inclusion of participants and living nonparticipants, with the
latter assumed to have normal chest radiographs. The preva-
lence increased to 13.9% within the second lowest exposure
quartile (range, 0.25–0.74 fiber/cc-years).


Pleural changes are the most common sequelae of asbestos
exposure (18–20), most commonly appearing 20 to 30 years
after initial exposure (18, 19, 21, 22). Pathologically, localized
pleural changes or pleural plaques appear as a ‘‘basket weave’’
pattern of acellular hyalinized collagen involving the parietal
pleura (21). Diffuse pleural thickening, which can involve the
visceral pleura (23), was demonstrated in 4.3% of participants.
This finding was similar to the 6.1% prevalence found in a study
of asbestos-exposed sheet-metal workers using the same classi-
fication definition as our study (24).


Interstitial changes (irregular opacities) were demonstrated
in 2.9% of participants and were significantly related to CFE.
These types of changes are typically seen after significant and
prolonged occupational asbestos exposures (25–28). Both age
and cigarette smoking are potential confounding factors in
regard to classification of irregular opacities at the <1/1 pro-
fusion category (29). Confounding is unlikely in this study
because two participants with profusion scores of 1/1 were
never-smokers, six of eight had pleural changes, and all eight
were in the higher CFE range. Previous predicted thresholds of
CFE for the occurrence of interstitial changes ranged from 25 to
100 asbestos fiber/cc-years (27). The mean CFE (SD) of those
with interstitial changes in our study with no reported commer-
cial asbestos exposure was 11.37 (6.82) fiber/cc-years. In an
unexposed U.S. population of 1,422 blue-collar employees,
Castellan and colleagues demonstrated interstitial changes
(profusion > 1/0) in 0.2% of employees based on a similar
methodology using three B readers (14). A meta-analysis of
published North American chest radiographic data regarding
small opacities in unexposed populations yielded a prevalence
of 1.6% (95% CI, 0.6–2.6%) (30).


Potential cofactors examined were age, BMI, sex, and hire
date. Older workers usually have longer employment duration,
and therefore a higher CFE and longer latency from initial
exposure. BMI is a potential cofactor because subpleural fat can
mimic pleural thickening (31). This was not the finding in our
study because the percentage of distribution of pleural changes
was evenly distributed across all BMI categories (Table 4).
Because women are more likely to have lower exposure jobs,
sex was examined. Finally, hire date was examined due to
decreased fiber exposure by 1974 with the implementation of
environmental control measures (6). Both hire date and age
were significantly associated with increased pleural changes and
increased CFE (P , 0.001). After placing all cofactors in
the model, there was still a consistent relationship between
CFE and pleural changes, both in the overall model and within
the exposure quartile model (Figure 2). This relationship per-
sisted after removal of all participants and living nonpartici-
pants with a history of potential past commercial asbestos
exposure.


An increased prevalence of chest radiographic changes has
been identified in the vermiculite miners and millers of Libby,
Montana. McDonald and colleagues calculated the mean CFE
of current workers at 40 fiber/cc-years, with a prevalence of
interstitial changes and pleural thickening of 9.1 and 15.9%,
respectively (32). For past workers, the mean CFE was 119
fiber/cc-years and the prevalence of interstitial changes and
pleural thickening was 37.5 and 52.5%, respectively (32).
Amandus and colleagues in a similar study estimated the mean
CFE at 119 fiber-years, with interstitial changes and pleural
thickening in 10 and 13%, respectively (33). These studies indi-
cate that high exposure to Libby amphibole fibers leads to
radiographic changes. On the basis of our study, it appears
pleural changes can occur at low lifetime cumulative fiber ex-
posure levels as demonstrated by the 12% prevalence within
participants and living nonparticipants with less than 1.92 fiber/
cc-years CFE, and 20% prevalence within participants with less
than 2.21 fiber/cc-years CFE.


The Agency for Toxic Substances and Disease Registry
studied 6,668 people who lived in and around Libby for at least
6 months before December 1990, including those ever em-
ployed in the vermiculite mining and milling operation (34).
The prevalence of pleural changes was 17.8% overall and 51%
in miners and millers (34). Interstitial changes were demonstrated
in less than 1% of the subjects (34). Progressive losses in lung
function also have been reported in 123 Libby residents with
and without occupational exposure who had predominantly
pleural changes with minimal to no interstitial changes (35).


Mortality studies of Libby miners and millers have shown
significant increased mortality due to asbestosis, lung cancer,
cancer of the pleura, and mesothelioma (36, 37). Of particular
interest in relationship to the results of our study were the
findings by Sullivan of a significant excess mortality from non-
malignant respiratory disease in those workers with less than 4.5
fibers/cc-years of cumulative exposure (38). Also, those workers
employed for less than 1 year demonstrated a significant in-
creased mortality from both nonmalignant respiratory disease
and lung cancer (38).


A potential limitation of this study was participation bias.
Although age was similar between participants and nonpartici-
pants, those hired on or before 1973 were more likely (P , 0.01)
to participate. Therefore, there could be less confidence in the
prevalence of pleural changes by quartile of exposure, espe-
cially for the workers with the lowest exposure. Inclusion of all
living nonparticipants with the assumption that their radio-
graphs were normal did not change the finding of a significant
trend of increasing pleural changes across increasing exposure
quartiles. Consequently, participation bias with respect to dis-
ease prevalence is likely negligible.


A second limitation is potential misclassification of exposure
due to limited industrial hygiene data at the facility on which
both the 1980 and the follow-up studies were based (6). Re-
ported extensive overtime by workers was not taken into con-
sideration in dose reconstruction, resulting in potential under-
estimation of exposure. These factors would have an impact
particularly at the lower range of the CFE. There were no ex-
posure data before 1972 and personal monitoring was not
implemented until 1976 (6). After 1980, Libby vermiculite was
no longer used at the manufacturing facility. Despite these
limitations, the demonstration of a nonsignificant trend between
pleural changes and increasing exposure quartiles in workers
hired after 1973, when there was more comprehensive environ-
mental measurement, is supportive of the finding of pleural
changes at low CFE levels. These results are especially relevant
given that all the living nonparticipants in the analysis were
considered as having normal chest radiographs.
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Ores from other mines, reportedly containing no or minimal
amphibole fibers, were used until 2001 when vermiculite was
removed from all products (38). If, in fact, these ores contained
amphibole fibers, this would result in underestimation of ex-
posure. In 2000, an evaluation of the facility by the National
Institute for Occupational Safety and Health found 0.02 fiber/cc
for the vermiculite expander operator averaged over 8 hours
(39). The combined sample results for all other jobs or general
work areas were below detectable concentrations (39).


Another limitation is that this study may underestimate the
prevalence of pleural and/or interstitial changes, particularly in
the older workers, due to nonparticipation related to either
illness or death. This observation is supported by the finding
that deceased workers, with a mean age of 74 years, had the
highest mean CFE at 3.31 fiber/cc-years. A further limitation is
related to potential variability and observer agreement in the
reading of chest radiographs. This issue was evaluated for two
of the three participating B readers in a related study (40),
which demonstrated good intrareader reliability with kappa
statistics ranging from 0.47 to 0.68.


While in operation, the Libby mine may have provided as
much as 80% of the world’s vermiculite supply (4). Much of it
was used in attic insulation products like Zonolite (41). An EPA
evaluation of vermiculite attic insulation found amphibole fiber
exposures ranging from 0.0133 to 0.4053 fiber/cc during 30
minutes of various home repair or remodeling activities that
disturb the insulation (42). If these data are extrapolated to an
8-hour TWA, this average can result in airborne exposures
exceeding the Occupational Safety and Health Administration
permissible exposure level of 0.1 fiber/cc for regulated asbestos
(42). Given the widespread use of vermiculite attic insulation,
this finding has prompted federal health warnings (43, 44). The
results of our study are supportive of the EPA precautionary
recommendations. The investigative team involved with this
study in concert with investigators from region 8 of the EPA are
pursuing additional potential exposure information to validate
and refine the CFE matrix used in this cohort investigation.


Conclusions


These results indicate that exposures to winchite, richterite, and
tremolite amphibole fibers among users of Libby vermiculite
ore within an industrial process cause pleural thickening at low
lifetime CFE levels of less than 2.21 fiber/cc-years. This is below
the lifetime CFE for a worker exposed to the current Occupa-
tional Safety and Health Administration permissible exposure
level standard of 0.1 fiber/cc for regulated asbestos in general
industry over a 45-year working life (4.5 fiber/cc-years) (45). In
Libby miners and millers, there has been an increase in
nonmalignant and malignant respiratory mortality as well as
in mesothelioma associated with exposure to these amphibole
fibers. Together, these findings raise public health concerns,
in view of the extensive distribution and use of Libby vermic-
ulite in commercial and residential applications throughout the
United States and elsewhere.
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I n t r o d u c t i o n
Vermiculite is the geological namegiven to a group of hydrated laminaraluminum-iron-magnesium silicates. Ithas the unique property of expandingas much as 12 times its original sizewith the appl i ca t i on of heat between427° and 1,093° C (1. 2). UnexpandedVermiculite is mined mainly in Mon-tana, Virginia, and South Carolina hithe United State s , and in South Afri ca ,and it is shipped to approximately 47regional expander plants located in 30states. The domestic uses of expandedVermiculite relate to its f ire resistance,insulation, and ion exchange proper-ties, but, addit ionally, it is used as a soil


additive, animal feed bulking agent,and as a carrier for various chemicals,including herbicides, insecticides, fun-gicides, and f er t i l iz er s (2).Inves t igat ions of some of the unex-panded Vermiculite ore have demon-strated contamination of the ore withf ibrous minerals (3). Montana ore con-tains a fibrous form of the amphiboletremolite. Virginia and South CarolinaVermiculite ore contain a type of trcmo-lite that, when milled, tends to formcleavage fragment s that have fibrouscharacteristics with low length-to-widthaspect ratios. South A f r i c a n ore is cur-rently f e l t to be free of amphibole orcleavage fragment contamination (4).A rurally located company that pro-cessed mainly Montana Vermicul i te oreto its expanded form for use as an inertcarrier for herbicides and fert i l izersreported a cluster of 12 cases of pleura!e f f u s i o n s of unknown origin among
their employees over a 12-yr period.Environmental sampl ing of work areasrevealed airborne f ibers believed to betremolite. There was concern that theobserved cluster of pleura! e f f u s i o ncases represented manifes tat ions ofexposure to the f i brou s contaminationof the Vermiculite. The present studywas undertaken to assess the respira-


SUMUARY Worker* exposed lo v c r m l c u l l l e contaminated with f ibrous I r e m o l l t e were surveyed
for the presence of respiratory symptoms by questionnaire, end lor pneumoconloste by chest
radiograph. Pulmonary func t i on was measured by aplrametry end cingle-breath carbon monox-
ide d i f f u s i n g capacity (DLcosb). Fiber exposure Indexes, expressed as f i b e r /ml-yr , were derived
for each worker f r o m available Indus t r ia l hygiene data and work histories. The estimated cumula-
tive exposure for the work force ranged from 0.01 lo 39 f l b e r f m l - y r . Discriminant analysis demon-
strated s i g n i f i c a n t correlates with shortness of breath and p l eur i t i c chest pain to cumulative
f i b e r exposure. The radlographlc changes were limited lo pleura! changes and Involved 4.4% of
the popu la t i on . Parametric and discriminant analysis demonstrated « s igni f i cant correlation
with radiographlc changes and cumulative H b e r exposure. There were no correlations between
aplrometry or DLcocb and f ib er exposure. Exposure to vennlcu f l t e contaminated with f ibroustremolite can cause pleura! changes In occupational!; exposed workers. This Is s uppor t ed by the
previously I d e n t i f i e d 12 cases of benign pleura! e f f u s i o n s In this working popu la t i on and theassociation of pleura! r a d l o g r a p h l c changes and p l e u r i t i c chest symptoms with cumulative f i b e rexposure. The tack of s igni f i cant parenchyma! rad lograph l c , aptrometrlc, and DLcoab changes
most l ike ly r e f l e c t s the low cumulative f i b e r exposure. AM REV HESPIK us IBM; uasn-ise


tory status of current workers exposed
to vermiculite contaminated with fi-brous tremolite in this plant fac i l i ty.


Methods
Study Population


The study populat ion surveyed included allemployees with a past history of vermiculiteexposure and a control croup of employeeswithout such exposure. There were a total of530 employees asked to participate In thestudy; 9 refused and 9 were not availablebecause of vacation or illness, giving a totalof 512 employees (97%) interviewed.
Medical ExaminationAll employees were interviewed by trainedpersonnel using a modif i ed AmericanThoracic Society (ATS) Respiratory Ques-tionnaire (5). The major modi f i cat ions ofthe questionnaire were the inclusion ofquestions pertaining to previous employ-ment with asbestos and other f i brou smineral exposure, questions about timeemployed within various locations in thef a c i l i t y , and questions relat ing to pleurit ic-type chest pain and illnesses with pleura!manifestations.A limited physical examination was per-formed on each employee for the presenceof late inspiratory rales (crackles) in 4 dif-ferent chest locations and for the presenceof nail clubbing.


Spirometry was per formed using anOhio-Med 822 dry ro l l ing seal spirometer(Ohio Instruments, Pine Brook, NJ) with a
Spirotech 200 microprocessor ( S p i r o t e c h ,Inc.. Atlanta, OA). T e s t s were accomplishedaccording to ATS criteria using trained tech-nicians (S). Employees were retested at alater date if they had had a respiratory in-fect ion within the preceding 3 wk.Test s performed were forced vital capaci-ty (FVQ, forced expiratory volume in onesecond (FEVJ, ratio of FEV, to FVC ex-pressed as a percentage (FEV,/FVCV«), andforced expiratory f l o w during the middlehalf of the FVC (FEF U . , ,). All results weretemperature corrected to BTPS. Results wereexpressed as measured values and as per-centage of predicted using the normalvalues of Knudson and coworkers (6).


(Received In original form June 39. 198} and inrevised form January 10. 1984)
' From the Department of EnvironmentalH e a l t h , Oivition o f Clinical S t u d i e s , Univer s i tyof Cincinnati, Cincinnati, Ohio.* Presented in part at the Annual Meeting ofthe American Thoracic Socie ty, Detroit. May1 9 S I .' Requests for reprints should be addressed toJames E. Loclcey. MJX, M.S.. Rocky MountainCenter for Occupational and EnvironmentalHeal th . Building 312, University of Utah. Sal tLake City, UT 84112.
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Carbon Monoxide Diffusing Capacity
Single-breath carbon monoxide d i f f u s i n gcapacity (Dicosb), alveolar volume (YX.),and d i f f u s i n g capacity per unit of lung vol-ume (DL/Vx) were obtained using a CoHinsModular Lune Analyzer* (Warren E. Col-lins Co., Braintree, MA). All d i f f u s i o nmeasurements were conducted according toATS criteria using trained technicians (5).The d i f f u s i o n carbon monoxide (CO) ana-lyzer, helium meter, and Coll ins water sealspirometer were calibrated every 3 h duringuse. Employees were retested at a later dateif they had had a respiratory infect ion with-. in the preceding 3 wk or had smoked within1 h prior to testing. Tes t s were accomplishedin a seated position with a nosedip. Repeattests were performed a f t e r a minimum waitof 5 min. D i f f u s i o n studies were acceptedonly if inspired volume (Vi) was within 10%of the best FVC (ATPS). Acceptable breath-holding time was between 8 to 12 s. Valuesof Dtcosb (ml CO ( s T P D ] / m i n / m m H g ) andDL/VA (ml CO [ s T F D l / m l n / m m H g / L[BTPS]) used were the means of 2 acceptablevalues within 7V» of each other. The testresults were expressed as measured valuesand as percentages of predicted using thenormal values of Samet and coworkers (7).


Chest Radiographs
Chest radiographs taken in the postero-anterior project ion were obtained on allemployees. The radiographs were reviewedby 2 board-certified radiologists (B readers)' using a modi f i cat ion of the ILO U/C 1971International Clas s i f i ca t ion for Pneumo-coniosis. The modif icat ion includes theaddition of grading criteria for radiographicchanges associated with asbestos exposure.Radiographs were interpreted independent-ly, with random interspersion of controlf i l m s and without the r a d i o l o g i s t ' s knowl-edge of the e m p l o y e e ' s work history. Anydi f f e r enc e in interpretation was resolved byconsensus reading by a. third reader. Radio-graphs that could not be interpreted be-cause of poor quality were repeated.


Environmental Measurements
The company f ir s t began using vermiculitein their f a c i l i t y in 1957. Industrial hygienesampling for airborne f iber s using mem-brane niters at a sampling rate of 2 L/minwas in i t ia t ed in 1972. Particles with a lengthgreater than 5 f t m , a diameter less than 3urn, and an aspect ratio of 3:1 or greaterwere counted as fibers. Before 1976,s a m p l i n g was accomplished by industrialhygiene personnel f o l l o w i n g an employeewith a s a m p l i n g device, but a f t e r 1976, f i b erlevels were obtained by industrial breathingzone sampling.Exposure indexes expressed as f i b er s /mlwere developed for each department, basedon an 8-h time-weighted average (TWA). Aseparate index was developed before and upthrough 1973 and for the period beginningwhh and cont inuing a f t e r 1974. There was


e substantial reduction in airborne f iberlevels a f t er the implementation of improvedenvironmental controls in 1973 to 1974. Theindustrial hygiene values used to estimatethe < 1973 exposure index per departmentwere mean fiber values for the years < 1973or the mean values from the year industrialhygiene values were f ir s t available. The> 1974 exposure index was developed in asimilar manner. The industrial hygienemeasurements initiated in 1972 becamemore comprehensive in ensuing years. The< 1973 exposure index most likely underes-timates prior employee f iber exposure.Collection f i l t e r s were analyzed bypolarized light microscopy with dispersionstaining. A d d i t i o n a l l y , f i b er analysis wasdone by leaning electron microscopy withenergy dispersive X-ray analysis and trans-mission electron microscopy with selectedarea electron d i f f ra c t i on .A f t e r reviewing the industrial hygieneand manufacturing process data, it wasapparent , that the employees could bedivided into 3 main exposure groups repre-senting 9 departments. Group I, withlimited or no exposure to airborne fibers,included workers in the chemical process,research, and management departments.Industrial hygiene measurements indicatedtheir exposures were similar to backgroundlevels for the local community. Group IIhad low-level f iber exposure and includedcentral maintenance, packaging, and thewarehouse workers. Group m, with high-level f iber exposure, included vermiculiteexpanders, plant maintenance, and the pi lotplant. The E-h TWA exposure indexes aresummarized La table 1.The chemical processing f a c i l i t y thatemploys the majority of workers in thecomparison group (Group 1) was completedin 1969 and was located one-quarter milefrom the vermiculite faci l i ty. Chemicalsused in this fa c i l i ty were the came as those
TABLE 1


D E P A R T M E N T F I B E R E X P O S U R E I N D E X E SBASED ON AN 6-HOUR_ _ _ _ _ T I M E - W E I G H T E D AVERAGE*_____
< 1973 > 1974Exposure Exposure_____________ Index___Index


Group IChemical process 0.049 0.049Research 0.049 0.049F r o n t o f f i c e 0.049 0.049
G r o u p I ICentral maintenance 0.415 0.131Packaging 0.250 0.031Warehouse 0.110 0.110
G r o u p I I IV e r m l c u l l t a expanders 1.511 0.375Rant maintenance 1.264 0.212


Pilot plant _________1.264 0.212
* Fiber exposure Index for department! In s tudy popula-tion. Group I era control*, Group II era tow f l b»r enpoiundepartments , and Group HI ere Men liber exposure depart-ment*. Values ere f i b e r s / m l


used in the vermiculite f a c i l i t y , except ver-miculite was not used as an inert carrier.There was minimal rotation of job positionsbetween the chemical and vermiculitefa c i l i t i e s .The work areas with the highest airbornef iber exposure were the vermiculite ex-panders area and the vermiculite railroadcar and truck unloading areas. Fiber levelsincreased when there were more vermiculiteexpanders in operation and when Montanavermiculite ore was used rather than vermi-culite f rom other sources. Rber levels in theunexpanded vermiculite ore unloading areawere recorded as high as 103 f i b e r s / m l for a5-min sampling period. During unloadingof the ore, high levels of f i b e r dust weregenerated, but the peak levels r a p i d l y de-creased to concentrations less than 5 fi-bers/ml by IS to 20 min.Exposure indexes were expressed in 3ways: (f) cumulative f i b e r exposure (f iber/ml-yr), (2) time period from f ir s t exposure(latency), and (J) exposure groups, Le.,Groups I, II, and III. Cumulative f i b er ex-posure for each individual employee wascalculated from exposure values and lengthof employment in each particular depart-ment. The exposure index was based on an8-h TWA and a maximum of a 363-daywork year. Extensive overtime had beenscheduled at the fa c i l i ty , but more preciseestimates of past total work days per yearwere not available. Employees with a cumu-lative f iber exposure of less than 1 f i b e r / m l -yr were found to have f i b e r exposure equiv-alent to the community p o p u l a t i o n exposedto ambient air. These employees acted as acomparison group for the exposed popula-tion.
Statistical Analysis


Discriminant analysis was performed on theresults of the questionnaire, physical exami-nation, and radiographic data. The discrim-inant analysis at tempted to establish a rela-tionship between a nominal dependent vari-able (radiographic results) and independentvariables (cumulative f i b e r exposure, smok-ing in pack-years, and age). Spirometry andd i f f u s i o n data were analyzed using analysisof covariance a f t e r adjus t ing for height andsmoking in pack-years. The spirometry andd i f f u s i o n data were also divided into smok-ing and exposure groups and reanalyzed ina similar manner. Mean d i f f e r e n c e betweensmoking groups and between exposuregroups within smoking groups were ana-lyzed a f t e r a d j u s t m e n t for age and he ight .The association between the rad iographi cdata and cumulative f i b er exposure wasexamined using a pair-matched analysis.Each employee with radiographic f i n d i n g sconsistent with commercial asbestos f iberexposure was matched by age with a secondemployee with a normal radiograph. Apaired t test and a nonparametric test, W i l -c o x o n ' s signed-rank test, were p e r f o r m e d onthe d i f f e r e n c e in cumulative f i b e r exposure.
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Resul t s
The mean age of all participants hi thestudy was 37.5 yr (range, 19 to 66 yr).The ethnic distribution of participantswas 496 (96.9%) white, 12 (2.3%)black, 2 (0.4%) Oriental, 1 (0.2%)American Indian, and 1 (0.2%) Ameri-can-born Hispanics. There were 4SOmales and 32 females. The high f i b erexposure group (Group III) tended tobe o lder than the other 2 exposuregroups (p < 0.01). Of the entire group,44.4% were current smokers, 20.3%were ex-smokers, and 35.3% were neversmokers. There was no significant d i f -ference in smoking history between ex-posure groups. Cumulative f i b e r expo-sure was s igni f i cant ly higher in GroupIII than in Groups I and II (p < 0.01).Years of employment were s ign i f i cant lygreater hi exposure Group III than inexposure Groups I and II (p < 0.05).These data are summarized in table 2.


Questionnaire DataHistory of respiratory illness with timelost from work, chest injury or opera-tion, phlegm production, wheezingwith colds, and previous fibrous miner-al exposures in industry or hobbieswere not s igni f i cant ly related to age,.smoking hi pack-years, or cumulativef i b e r exposure. There was a significantassociation between history of pneu-monia, confirmed by a physician, andage (p < 0.05). The prevalence of chron-ic cough, def ined as cough 4 to 6 times/day, 4 or more days/week for 3 consec-utive months for at least 2 yr, was sig-ni f i cant ly related to smoking hi pack-years (p < 0.05). Apart from colds,wheezing or whistling present for atleast 2 yr, and without associated short-ness of breath with wheezing or currenthistory of asthma confirmed by a phy-sician, was s igni f i cant ly related tosmoking in pack-years (p < 0.05). Chron-ic airway obstruction, de f ined as wheez-ing most days or nights and/or Grade 3dyspnea (s top for breath when walkingat your own pace on the level), and/orF E V , / F V C % 60% or less, was s igni f i-cantly related to smoking in pack-years(p < 0.05). The prevalence of 2 or moreattacks of shortness of breath withwheezing without a current history ofasthma confirmed by a physician wass i g n i f i c a n t l y related to smoking inpack-years (p < 0.05) and strongly re-lated to cumulative f i b e r exposure (p <0.1).Discriminant analyses indicated short-ness of breath Grade I (shortness of


TABLE 2
AGE, S M O K I N G H I S T O R Y , C U M U L A T I V E F I B E R E X P O S U R E . A N DYEARS OF EMPLOYMENT BY EXPOSURE GROUP


Group I G r o u p I I G r o u p I I I
N S EX CS N S EX CS N S EX CS


Number o fEmployees
Afle. yrMeanSE
Pack-yearsMeanSE
Fiber/ml-yrMeanSE


49
33.8


1.7
0


0.350.67


22
395


2.5
13.12.9
0.571.01


41
39.11.8
18.6
2.1
0.50
0.74


63
34.5


1.5
0


; ' v i s "
0.60


36
39.9


2.0
14.2
2.3
1.560.7fl


107
34.9


1.1
18.7
1.3
0.970.46


69
40.2


1.4
0


6.51 >057


46
42.8


1.7
14.3
2.0
7.55
0.70


79
37.5


1.3
17.8


1.5
6.05
0.53


Years of employmentMean 6.6 11.3 10.5 6.4 13.3 &9 12.2 13.0 10.7SE______1.1 1.6 1.2 1.0 1.3 0.7 0.9 1.1 0.9
Definition at tbbmttlloat: NS » never smoker, EX «• ex-smoker, CS « current smoker.


breath when hurrying on the level orwalking up a s l ight h i l l) and Grade II(walk slower than persons your own ageon the level because of breathlessness)were s igni f i cant ly related (p < 0.05) toboth smoking history in pack-years andcumulative f iber exposure. The preva-lence of pleuri t ic chest pain las t ing 6 hor more with physician evaluation (fig-ure 1) was s i g n i f i c a n t l y related tocumulative f iber exposure (p < 0.05).
Physical ExaminationThe physical examination f i n d i n g ofcrackles heard on auscultation of thechest was related to cigarette smokinghi pack-years (p < 0.05), whereas club-bing of the nails was pos i t ive ly relatedto age (p < 0.05).


Pulmonary Function TestsThere were no d i f f e r e n c e s in mean spi-rometry values or percent predicted
H I S T O R Y O f P L E U R I T I C C H E S T P A I N


10*"i |— 1 r~~i
NX If CS


N 4S tl 41
G r o u p !


nnUS IX CSsi je tor
Group 1


_n nNS EX CSU 4S 7*
Group I I


Job Cat egory
Fig. 1. Percentage of workers repor t ing p l e u r i t i cchest pain by exposure group and by c igare t t esmoking history. Discriminant analys i s I n d i c a t e sa s i g n i f i c a n t association between cumulativef i b e r exposure and history of chest pain (p < 0.05).For d e f i n i t i o n of groups, tee (ab l e 1.


values in relation to cumulative f i b e rexposure, time since f i r s t exposure, orexposure group. Predicted values forblacks were considered to b e ' n o r m a l l y10% lower than a corresponding whitepopulat ion. The prevalence of "restric-tive lung defect" def ined as FEV,/FVCratio of equal to or greater than 70%and FVC less than £0% predicted wasnot shown to be s i g n i f i c a n t l y related tocumulative f iber exposure. The F E V , ,F E V , / F V C % , and ?£?„_„ showeds igni f i cant d i f f e r e n c e s only betweensmoking categories (p < 0.01). No sig-nificant d i f f e r e n c e in FVC was foundfor the various smoking categories.There were no d i f f e r enc e s hi meanDicosb or DL/VA values or predic tedvalues in relationship to cumulativefiber exposure, time since f ir s t expo-sure, or job category. A s igni f i cant lylow DLcosb was noted in smokers (p <0.01).
Chest RadiographsThe 1 results of the radiographic surveyincluded all employees with availableinterpre tab l e f i l m s ; 501 of 512 (97.9%)employees were reviewed. There were479 (95.6%) with no s i gn i f i can t radio-graphic changes. 11 (2.2%) with costo-phrenic angle blunting only, 10 (2%)with significant pleura! changes (thick-ening, plaques, and/or ca l c i f i ca t i on s) ,and 1 (0.2%) individual showed paren-chyma! changes of b i la t era l , small, ir-regular opacit ie s (table 3). The meancumulative f i b e r exposure for the latter11 employees (10 with pleura! and 1with parenchyma! change) was 12.07(range, 0.01 to 39.9 f iber/ml-yr). The
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TABLE 3


C H E S T R A D I O G R A P H C H A N Q E S
T y p e Grade-
Costophrenic ingle b lunting only,11 employee s
Pleura) changes, 10 employeesBilateral pleura! th i ckening A/1Bilateral p l e u r a ) p laque s in


Bilateral p l eura! th i ckening G/2
Lef t p l eural thickening A/1
Bilateral pleural thickening B/1B i l a t e r a l pleural plaques 1/1
Bilateral p l eural t h i c k e n i n g B/2
Lef t p l eural p laque . 1 /1
L e f t p leural thickening A / 1L e f t p l e u r a l p laque 0 / 1
Right p l eural th i ckening C/1Right pleural plaque 1/1
Unila t era l p l eural th i ckening A / 1
Left pleural c a l c i f i c a t i o n Grade 1
Bilateral pleural thickening B/1Bilateral p l eural plaques 1/1Right d iaphragm c a l c i f i c a t i o n Grade 2


Parenchyma! changesBilateral small, Irregularopac i t i e s T y p e « _______Perfualon 1/1
• Grade of pleural thickening width: A, < 6 mm; D, (-10mm; C, > 10 mm at wldect pan of pleural shadow. Gradeof p leura) thickening by extant 1 m d e f i n i t e p l eura] thick-ening In one or more places, such that trie total l eng th didnot exceed one h a l f of the prelection of one lateral wall;t m pleural thickening greater than Grade 1. Certainty ofplaque: 0/1, possible present; 1/0, probably present; 1/1.d e f i n i t e l y present Grade of pleural calc i f i cat ion by total•length: Grade 1 m < 20 mm; Grade 2 • 20-100 mm; Grade3 « > 100 mm.


mean cumulative f i b er exposure foremployees with costophrenic angleblunting was 5.4 (range, 0.2 to 27.5f iber/ml-yr).There was an increased prevalence ofradiographic changes in employees with1 to 10 and greater than 10 f ib er/ml-yrcumulative exposure in comparisonwith the control group. Of 48 employ-


TABLE 8
R A D I O G R A P H I C C H A N G E S B Y E X P O S U R E G R O U P ' t


Results
G r o u p I


(n) (%) Ape-
G r o u p I I


(n) (%) Age'
G r o u p I I I
O) (%) A g e '


Normal
Costophrenic angl eblunting only
P l e u r a l / p a r e n c h y m a lchanges*
Combined changes


Total


104 97.2 36.4 ± 10& 196 96.1 34.9 ± 11.9 179 84.2 39.1 * 12.0


2
3


107


1.0
1.9
2A


55.6
48.7 ± 8.3


51.0


2.5 4S.7 * 13.0
3
8


204


1.5
3.9


52.5 ± 3.8
50.7 11


190


2.6 41.0 4 8.2
32 55.1 * 4.0
5.8 48.7


* I • control group: II = low fiber exposure group. Ill • h igh f iber exposure group.t Values are mean * SO.? On* employee with bilateral email I r r e g u l a r e-lype opacities. T h i s employee was bi exposure Group III.


ees with greater than 10 f iber/ml-yrexposure, 12.5% had costophrenicangle blunting or plcural/parcnchymalchanges (table 4). Employees withgreater than 10 yr of employment frominitial employment in exposure GroupsII or III had an increased prevalence ofradiographic changes. Of 48 employeeswith 20 yr or more of employment,11.1% had costophrenic angle bluntingor pleural/parenchymal changes. Em-ployees ever employed in the low (GroupII) or high (Group III) fiber exposuregroups had a higher prevalence of radi-ographic changes than did the controlgroup (table 5). The employees withradiographic changes showing costo-phrenic angle change only or pleuralchanges were older (p < 0.01) thanemployees with normal radiographs.Because age could act as a confoundingfactor hi the observed radiographicchanges, an age-matched control s tudywas conducted. Each of 22 employeeswith an abnormal chest radiograph wasmatched by .age to an employee with anormal chest radiograph. A significant


TABLE 4
R A D I O G R A P H I C C H A N G E S B Y C U M U L A T I V E F I B E R E X P O S U R E


P l b e r / m l - y r
Control* 1-10


Results
Normal 247 97.6 190 9S.O 42 87.5
Cos tophren i c ang l e


b l u n t i n g only 4 1.6 5 2.5 2 4.2
P l e u r a l / p a r e n c h y m a lchangest 2 0.9 5 2.5 4 8.4
Combined changes 6 2.4 10 6.0 8 125


T o t a l _____253__________200 _______48______
• Leas than 1 f l b e r / m t y r total exposure
t One employee with bilateral email Irregular f r i y p e opacities. Thi s e m p l o y e e ' * cumulative ex-posure wae 30 fibarAnl-yr.


d i f f e r e n c e in cumulative f i b e r exposure(table 6) was noted between the 22employees with abnormal radiographsand the control group (p < 0.041). Theresults of the nonparametric analysis(Wilcoxon's sign-rank test) indicated astrong trend toward an association be-tween cumulative f i b er exposure ands ignif icant pleural/parenchymal abnor-malities (p < 0.098). An association wasnoted using discriminate analysis be-tween cumulative f i b e r exposure (p <0.05), smoking in pack-years (p < 0.05),and radiographic changes.
Discussion


This cross-sectional epidemiologic s tudyrevealed a number of f i n d i n g s showinga s igni f i cant association with cumula-tive f i b e r exposure: dyspnea on exer-tion, p l eur i t i c chest pain, and pleuralchanges on chest radiograph. Further-more, an apparent dose-response rela-tionship between cumulative f iber ex-posure and radiographic changes wassuggested.The occurrence of dyspnea amongworkers o c c u p a t i o n a l l y exposed to as-bestos has been documented in previ-ous studies (8-10). The presence ofdyspnea on exertion was associatedwith cumulat ive . tr emol i t e f i b e r expo-sure. Thi s is in the face of a relativelylow cumulative f i b e r exposure and are la t ive ly short latency period for thework force. The association among cig-arette smoking and the presence ofchronic cough, wheezing, and spiro-metric evidence of a ir- f low obstructionis expected and provides val idat ion ofthe questionnaire.The observed association betweenthe presence of pleuritic chest pain andcumulative tremolite f i b e r exposure isan interesting f i n d i n g . The presence of
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TABLE 6
D I F F E R E N C E S I N EXPOSURE ( F I B E R / M L - Y R ) : P A I R - M A T C H E D A N A L Y S I S( N O R M A L V E R S U S A B N O R M A L R A D I O G R A P H ) A N D


__________PARAMETRIC A N A L Y S I S ( P A I R E D I TEST)*_________
Exposure: Fiber/ml-yr


Mean d i f f e r e n c e
SD
P


Costophrenic A n g l eBlunt ing Only(n • 11 pain)
3.0
9.7
0.232


Pleura I/Pare nchymalCtiange t-(n *11 pairs)
6.6


14.7
O.OS2


BothIn =22 pairs)
5.B


12.5
0.041


* Casas were aaeh matched by age w l l h employees who had normal radiographs ,t On* employee w l l h b i l a t e r a l email I r r e g u l a r i-lype o p a c l l l e t .


pleurit ic chest pain was documented ifthe employee was evaluated by a physi-cian, and no spec i f i c medical or surgi-cal cause for chest pain was i d e n t i f i e d .Pleuritic chest pain was examined be-cause it can be a clinical manife s tat ionof inflammation involving the parietalpleura. Irritation of pleura surface byinhaled f iber s is a pos tulated mecha-nism for the occurrence of pleura! e f f u -sion and plaque formation. A recenthypothesis suggests that the f ibersreach the parietal pleura by lymphaticdrainage. Macrophages within the pari-etal pleura! engulf f i b er s and stimulatesubmesothelial f i brob la s t s with subse-quent pleura plaque formation (11, 12).In either case, the resulting inflamma-tion from pleura! irritation may causepleuri t i c chest pain, possible bloodypleura! e f f u s i o n s and, eventually, pleu-ra! thickening or pleura! plaque forma-tion.The pleural changes noted on chestradiographs of workers exposed to air-borne fibrous tremolite are consistentwith the pleural changes seen with com-mercial asbestos exposure (11, 13-16).In the present study, the prevalence ofthese pleural changes increased withduration of exposure, time since initialexposure, and nigh exposure group, andwere dose related. The absence of sig-ni f i cant parenchyma! changes (i£., as-bestosis-fibrosis) and a higher percen-tage of pleural changes most l ikelyr e f l e c t the short interval since initialexposure and the low cumulative f i b e rexposure. In any event, the presence ofa greater prevalence of pleural diseaseamong the p o p u l a t i o n exposed to ver-miculite contaminated with f ibroustremolite is supported by the f o l l o w i n gobservations: (/) cluster of 12 cases ofbenign pleural e f f u s i o n , (2) higherprevalence of pleural changes on chestradiographs, (3) age-matched control


s tudy revealing greater tremolite f i b e rexposure among workers with pleuralchanges on chest radiographs, and (4)higher prevalence of pleuritic chestpain in exposed employees.The lack of association between sim-ple spirometric and Dicosb measure-ments and f iber exposure most l ike lyr e f l e c t s the low cumulative f iber expo-sure and short interval period. Simpl espirometric measurements have beenshown to be sensitive indicators of thetoxic e f f e c t s of cumulative asbestosexposure. The Dicosb changes are notasbestos-dose related and are less sensi-tive than spirometry (17-19). The levelof cumulative f iber exposure needed tocause a change in spirometric values isgreater than the exposure levels reportedin the present study. Weill and col-leagues (18) reported decrease in lungfunct ion a f t e r 100 mppcf-ycar dust ex-posure, while Becklake and colleagues09) showed an e f f e c t at a cumulativedust exposure index of 10 to 100 m p p c f -ycar. Berry and Lewinsohn demonstrateda 12.1% reduction for F E V , and 10.6%reduction for FVC per 100 f iber/cc-years (20).The cumulative f i b e r exposure in thiss tudy was low compared with that inother studies. Only 9.6% of the em-ployees had greater than 10 f i b e r / m l - y rexposure; 10.7% had been employed 20yr or more since initial exposure. Thehighest cumulative f i b e r exposure forany employee was 39 f iber/ml-yr. It isl i k e l y that the exposure level reported inthis s t udy underest imates the actualcumulative f iber exposure. No indus-trial hygiene data were available b e fore1972; the lower f i b er values a f t e r 1974r e f l e c t improved environmental con-trols within the f a c i l i t y . A d d i t i o n a l l y ,personal sampling, which more ade-quately r e f l e c t s individual exposure,was not introduced until 1976.


Nonmalignant pleural changes asso-ciated with asbestos exposure includepleural plaques with or without c a l c i f i -cation, bilateral pleural thickening,progressive pleural f i bro s i s (21-23),pleural e f f u s i o n s , and pleural thicken-ing, with costophrenic angle involve-ment or costophrenic angle b l u n t i n galone as residua! f ind ing s of a previouspleural e f f u s i o n (15, 24). The preva-lence of pleural changes commonlyexceeds that of asbestos-related inter-s t i t ia l f i bro s i s (25, 26). The prevalenceof pleural plaques, ca l c i f i ca t ion, andthickening is related to duration ofasbestos exposure, time since onset ofexposure (10, 17, 27-29), and po s s i b l ecumulative f i b e r exposure (30, 31). Theoccurrence of pleural e f f u s i o n s maybe an early mani f e s ta t i on of asbestosexposure (15, 32).The majori ty of asbestos-relatedpleural changes have a latency periodof more than 20 yr from initial expo-sure (28). However, pleural changes areseen in workers with short durations ofasbestos exposure. S t u d i e s of asbestosinsulation workers (21), Navy shipyardworkers (26), household contacts ofamosite asbestos workers (10), andQuebec chrysotile mine and mill work-ers (24) support this observation.Benign asbestos-related pleural e f f u -sions are now recognized to cause pleu-ral change including greater than 50%rate of residual pleural thickening andgreater than 90% of residual costo-phrenic angle blunting. The occurrenceof asbestos-induced pleural e f f u s i o nappears to be dose related and repre-sents, in one s tudy, the most commonmanifes tation of asbestos exposure inthe initial 20 yr since f ir s t exposure (15).In the current study, 7 employees weres t i l l employed with previous ly docu- 'mented benign pleural e f f u s i o n s . Ofthese 7, f our had residua) p l euralchanges, including 2 with unilateralcostophrenic angle b lunt ing , 1 withbilateral costophrenic angle b l u n t i n g ,and 1 with bilateral pleural thickeningand pleural plaques. The s e 4 were in-cluded in the total of 22 employee s wi thpleura! changes noted in chest radio-graphs.The prevalence o f p l eural t h i ck en ingand pleural c a l c i f i c a t i o n in a rural p o p -ulation of midwestern dairy farmerswithout occupational exposure to fi-brogenic dust was f ound to be 0.9%and 0.0%, respect ively. The prevalencein a New Jersey urban p o p u l a t i o n was1.2% for pleural thickening and 0.0%
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for pleural calc i f icat ion (21). The pre-dictive value for bilateral pleural thick-ening as an indicator of previous possi-ble asbestos exposure with exclusion ofknown medical or surgical etiologieswas recently found to be 81% (23).A careful review of all chemical andphysical agents used at the plant f a c i l i t yfa i l ed to i d e n t i f y any substance knownto be associated with pleural radio-graphic changes. A few of the chemi-cals could cause acute pulmonary in-jury a f t e r exposure to high concentra-tions. The study and control populationswere evenly matched for exposure his-tory, except for the presence or absenceof exposure to venniculite contami-rutted with tremolite.There are over 150 minerals that existin fibrous form and that are generallyexpected to contain fibrous minerals(3). The ampbibole tremolite is a sili-cate mineral found in commercial talcdepos i t s f rom New York state and invermiculite deposits within the UnitedStates (4,33). The size and shape of tre-molite a f t e r undergoing crushing andgrinding in a milling process is largelydependent on the original crystallinestructure of the mineral. Tremol i t e canoccur in a f ibrous form with high as-pect ratios identical to commercial as-bestos f iber s or as cleavage fragmentswith lower aspect ratios (34, 35). Thecommercial talc deposit s in New Yorkstate contain varying amounts of tre-molite and anthophyl l i t e , both as cleav-age fragments and as true f iber s (33).The vermiculite deposit s from Mon-tana contain a f ibrous form of tremo-lite, while the vermiculite depos i t s hiVirginia and South Carolina contain atype of tremolite that forms predomi-nantly cleavage fragments when milled(4). Vermiculi te i t s e l f does not exist ina fibrous form, but plate s of vermicu-lite can roll up on themselves as a scrolland resemble f ibers (36).Tremol i t e is not mined or used as acommercial asbestos. There fore , noworking popu la t i on s were exposed onlyto tremolite. On the other hand, naturalexposure to tremolite does occur in cer-tain rural populations. Pleural changes,in c lud ing plaques and ca l c i f i ca t i on s ,have been reported in rural popula t i onsof Czechoslovakia, Bulgaria, F i n l a n d ,and Greece. These changes have beenattributed to tremolite and anthophyl-lite f ibers deposited in the local soil (37,38). A recent epidemiologic report on7,000 inhabitants around the town ofCermik in southeast Turkey, where


local depos i t s of minerals containingfibrous tremolite are used to makewhitewash and stucco, revealed an in-• creased prevalence of pleural thicken-ing and calci f ication and interstit ialpulmonary fibrosis (39).Animal studies in rats with fibroustremolite administered by intraperito-neal injection have shown it to be bothfibrogenic and tumorgenic (40). Al-though reported animal studies withvermiculite are l imited, 2 studies on theuse of South African vermiculite (gen-erally believed to be free of tremolite)did not show fibrogenic or tumorgenicchanges a f t e r intrapleural or intratra-cheal injection (41, 42).Exposure to fibrous tremolite thatcontaminates certain vermiculite orescan cause pulmonary abnormalities.Ident i f i ca t ion of other minerals thathave similar f iber contamination andrecognition of the potential healthimplications are critical issues in occu-pational and pulmonary medicine. Justas important is the recognition that notall amphiboies exist in fibrous forms.The biologic activity of tremolite thatforms cleavage fragments with low as-pect ratios may be d i f f e r e n t f rom fi-brous tremolite with high aspect ratios.There are enormous health, economic,and regulatory implications at stake inthese issues.
Acknowledgment


The writers g r a t e f u l l y acknowledge the landassistance of Dr. Gary Llss, Dr. JamesDonovan. Dr. James Blanchard, Joan Beck-ham, Bonnle Modey, and Carol Perry fortechnical assistance, and Mary Ann Brock-man, Juanita Fogle , Mary Campbell , andMary Bishop for typing the manuscript.
References


1. Otis LM. Venniculite. In: Mineral f a c t sand problems. Washington, DJC.: US. De-partment of the Interior, Bureau of Mines,1960 (bulle t in no. 585).
2. Meisinger AC. Vermiculite. In: Mineralf a c t s and problems. Washington, D.C.: US.Department of the Inter ior , Bureau ofMines, 1980 (bullet in no. 671).
3. Bank W. A s b e s t i f o r m a n d / o r f i b r o u sminerals in mines, m i l l s , and quarries.Washington. D.C.: US. Department ofLabor. S a f e t y and H e a l t h A d m i n i s t r a t i o n ,1980 (pub l i ca t i on no. 1980-603-102/34).
4. Lockey JE, Moatamed E Heal th impli-cations of nonasbestos fibers. In: Gee JBL,ed. Contemporary issues in pulmonary dis-ease. Vol 1: current topics in occupationallung disease. New York: Churchill Living-ston. Inc. (in press).


5. Ferns BC Epidemio logy standardiza-tion project Am Rev Respir Dis 1978; 118:10.
6. K n u d s o n RJ, S l a t i n RC, Lebowitz MD,Burrows B. The maximal expiratory f low-volume curve. Am Rev Respir Dis 1976;113:587.
7. Samet JM, Eplcr OR, Gaensler ES,Rosner B. Absence of synergism betweenexposure to asbestos and cigarette smokingin asbestosis. Am Rev Respir Dis 1979; 120:75.
8. S e l i k o f f IJ. Churg J, Hammond EC.The occurrence of asbestosis among insula-tion workers in the United States. Ann NYAcad Sci 1965; 132:139-55.
9. Murphy R L H , Ferns BG, Burgess WA.Worchester J, Gaensler EA. E f f e c t of lowconcentration of asbestos: clinical, environ-mental, radiologic, and epidemiologic ob-servations in shipyard pipe coverers andcontrols. N EngI J Med 1971; 285:1271-8.
10. Anderson HA. Asbestosis amonghousehold contacts of asbestos factoryworkers. Ann NY Acad Sci 1979; 330387-99.
11. Casey KR. Rom WN. Moatamed F. Asbes-tos-related disorders. In: Brook* SM, Lockey JE,Khoury P, cds, Clinics in chest medicine, occupa-tional lung disease. I. Philadelphia: W.B. Saun-ders Co, 1981; 2:179-202.
12. Hil l e rda l G. Hie patbogenesis of pleuralplacques and pulmonary asbestosis: possibilitiesand impossibilities. Eur J Respir Dis 1980; 61:129-38.
13. Becklake MR. Asbestos-related diseases ofthe lung and other organs: their ep idemio logyand appl i ca t ions for clinical practice. Am RevRespir Dis 1976; 114:187-227.
14. Murphy R L H , Gaensler EA. Ferns BO.Fuzgerald M, S o l l i d a y N, Morrisey W. Diagnosisof ^asbestosis"; observations from a longitudinalsurvey of shipyard p i p e covers. Am J Med 1978;65:488-98.
15. Epler OR, McLoud 1C, Oaensler EA. Pre-valence and Incidence of benign asbestos pleurale f f u s i o n in a working population. JAMA 1982;247:617-22.
16. Becklake MR. Asbestos-related diseases ofthe lungs and pleura. Am Rev Respir Dis 1982;126:187-94.
17. Jone s RN. Diem JE, Glindmeyer H, Wei l lH. Progression of asbestos rediographic ab-normalities: relat ionships to estimates of dustexposure and annual decline in lung function. In:Wagner JC. ed. Biological e f f e c t s of mineralf ibres. Vol 2. Lyon, France: International Agencyfor Research on Cancer, 1980:537-43.
18. W e i l l H. Ziskind MM. W a g g e n s p a c f c C.Rossiter CE. Lung func t ion consequences of dustexposure in asbestos cement m a n u f a c t u r i n gplants . Arch Environ H e a l t h 1975; 30:88.
19. Becklake MR. Fburnier-Massey G, RossiterCE, McDonald JC. Lung f u n c t i o n in chrysol i teasbestos mine and mill workers of Quebec ArchEnviron Heal th 1972; 24:401.


20. Berry C, Lewinsohn HC. Dose-responserelationships for asbestos-related disease: impl i-cations for hygiene standards. Part I: morbidi ty.Ann NY Acad Sci 1979; 330:185-94.







01/11/00 15:09 FAX 6135586272 OCC ENV UED ©008


f l S 8 U C K E Y . BROOKS, JARABEK. CT M


21. Andenon HA, S e l i k o f f LI. Fleural reactionsto environmental agents. Environmental pharma-cology of the lung. Fed Proc 1978; 372496-500.
22. HUIerdal O. Non-malignant asbestos pleura!disease. Thorax 1981; 36:669-75.
23. A l b d d a SM. E p s t e f a DM. Oefter WB.Mil l er WT. Pleura! thickening it* significanceand relationship to asbestos dust exposure. AmRev Respir Dis 1982; 126:621-4.
24. Rossiter CE, Bristol LJ. Cartier PH. el ai.Radiographic changes in chrysoti le asbestos mineand mill workers in Quebec Arch EnvironH e a l t h 1972; 24:388.
25. Harris PC. MacKenzie FAF, Sheers O,Kemp JH. Oliver TP, Wright DS. Radiologicalsurvey of men exposed to asbestos In naval dock-yards. Br J lad Med 1972; 29274-9.
26. F e l t o n JS. Radiographic search for asbestos-related disease in a naval shipyard. Ann NY AcadSci 1979; 330341-52.
27. Sheers O, T e m p l e t o n AR. E f f e c t s of asbes-tos In dockyard workers. Br Med J 1968; 3:574-9.
28. S e l i k o f f I J. Hammond EC. Asbestos-assoc-iated diseases in United States shipyards. Ca-Cancer J din 1978; 28:87-99.
29. P o l a k o f f PL, Horn BR. Scherer OR. Pre-valence of radiographic abnormalities amongnorthern Cal i f o rn ia shipyard workers. Ann NYAcad Sd 1979; 330:333-9.


30. Lacquet LM. van der Linden L. Roentgeno-graphic lung changes, asbestosis and mortality ina Belgian asbestos-cement factory. In: WagnerJC, ed, Biological e f f e c t s of mineral fibres. Vol.2. Lyon, France: International Agency for Re-search on Cancer, 1980:783-93.
31. Hourthane DO'B, Lessof L, Richardson PCHyaline and calci f ied pleura! placques as anindex of exposure to asbestos. A study of radio-logical and pathological features of 100 caseswith a consideration of epidemiology. Br Med J1966; 1:1069-74.
32. Sheers O. Asbestos-associated disease inemployees of Devonport dockyard. Ann NYAcad Sci 1979; 330281-7.
33. Dement JM. Zumwalde RD. Occupationalexposures to talc containing asbe s t i f orm miner-als. In: Lemen RA. Dement JM, eds, Duscs anddisease. Park Forest South , I l l i n o i s : PathotoxPublishers. Inc.. 1979287-305.
34. Campbell WJ. Blake RL, Brown LL. GatherEE, S j o b e r g TJ. Selected silicate minerals andtheir asbes t i form varieties. Mineralogieal d e f i n i -tion and identification-characterization. Wash-ington, DjC.: US. Department of the Interior,Bureau of Mines, 1977 (information circular no.8751).
35. Langer AM, Rohl AN, Wolff MS, S e l i k o f fU. Asbestos, f ibrous minerals, and adcularcleavage fragments: nomenclature and biological


properties. In: Lemen RA, Dement JM, eds.Dusts and disease Park Forest South, I l l i n o i s :Pathotox Publishers, Inc. 1979:1-22.
36. C h a t f i d d FJ, Lewis OM. Examination ofvermiculite for the presence of asbestos fibers.Mississauga. Ontario. Canada: Ontario ResearchFounda t i on , 1979 (report no. 22056-2).
37. Wagner JC, Elmes PC. The mineral f ibreproblem. In: McDonald JC. ed. Recent advancesin occupational health. Edinburgh: ChurchillLJvings ton. Inc., 1981:1-14.
38. Bazas T, Bazas B, Kitas D. Gil son J,McDonald J. Pleura! calc i f i ca t ion in northwestGreece. Lancet 1981; 2:254.
39. Yaric ioglu S, llcayto R. Bald K. Sayl i BS,Yonilmaz B. Plcural ca ld f i ca i ion, pleuial racso-thelioma. and bronchial cancers caused bytremoli te dusL Thorax 1980; 35:564-9.
40. S m i t h WE. Huber t DO. Sobel JH. MarquetE. Biologic tests of t r emol i t e in hamsters. In:Lemen RA, Dement JM. eds. Dusts and disease.Park Forest South. Illinois: Paihotox Publishers.Inc, 1979:335-9.
41. Ooldstein B, Rcndall REG. The relative toxi-cities of the main classes of minerals. In: Pneu-moconiosis: Proceedings of the InternationalConference. Johannesburg, 1970:2129.
42. Hunter B. Thomson C. Evaluation of thetumorgenic potential of vermiculite by intra-pleural injec t ion in rats. Br J Ind Med 1973; 30:167.






